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GEOSYNTEC CONSULTANTS Page 1 of 27 

Date: 05 02 I5 Reviewed by: Kenneth R. Daly Date: 05 02 15 
w MM DD 

--- Written by: Tamara E. Zettler 
n' M M  DD 

Client: Fluor Fernald, Inc. Project: OSDF - Rev. Phase V Projecflroposal No.: GQ3309 Task No: 02.02' 

ADDENDUM TO OSDF - REVISED PHASE V QUANTITY ESTIMATE 

This addendum to the OSDF - Revised Phase V Quantity Estimate was prepared to 
estimate the quantities of soils, materials, and geosynthetics necessary to construct the 
Cell 8 Final Cover System for the revised Phase V of the On-Site Disposal Facility 
(OSDF) as presented in the Certified-For-Construction Phase V drawings (construction 
drawings) developed in February 2005. The quantities estimated herein were calculated 
to reflect the 100-foot expansion of Cell 8 in the NortWSouth direction. 
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Date: 05 02 15 Reviewed by: Kenneth R. Daly Date: 05 02 15 
W MM DD 

--- Written by: Tamara E. Zcttler 
W M M  DD 

Client: Fluor Fernald, Inc. Project: OSDF - Rev. Phase V Project/Proposal No.: GQ3309 Task No: 02.02 

OSDF - REVISED PHASE V QUANTITY ESTIMATE 

EXECUTIVE SUMMARY 

PURPOSE OF ANALYSIS 

The purpose of this calculation package is to estimate material quantities for 
construction of Cell 8 Final Cover System for the revised Phase V of the On-Site 
Disposal Facility (OSDF) as presented in the Certified-For-Construction Phase V 
drawings (construction drawings) developed in February 2005. 

METHODS OF ANALYSIS 

For each material, the applicable Construction Drawing details, cross-sections, and 
pl,ans were used for calculating quantities. Quantities were calculated using 
measurements and dimensions fiom the construction drawings and using the 
grid/prismoidal- volume method within the computer program SOFTDESK for 
AutoCAD. Quantities are generally presented herein for the Cell 8 final cover system. 

CONCLUSIONS 

A summary of calculated quantities is provided on the following pages. 

GQ3309-02.02/F043001 .Final.Quantity-Addendum 
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IT E hl D ES C R I PT I 0 N 

GEOSYNTEC CONSULTANTS Page 3 of 27 

UNITS ESTIMATED QUANTITY 

CELL 8 COVER 

Date: OS 02 15 - Date: OS 02 15 Reviewed by: Kenneth R. Daly 
YY Mht DD 

--- Written by Tamara E. Zettler 
SY MM DD 

- 
Removal - Protective Layer & Protective Clay Layer ICY 7,135 

SOIL MATERIALS ! 

Base Aggregate ICY 43 5 
Compacted Clay LinerKap ICY 35,059 

Granular Drainage Material I - Cover Drainage Layer and Temporary Termination 28,869 
Contouring Layer ICY 15,207 
Biointrusion Bam'er ICY 61,525 
Choke Stone ICY 10,532 
Granular Filter ICY 1 1.894 

ICY 

I 
Client: Fluor Fernald, Inc. Project: OSDF - Rev. Phase V ProjectlProposal No.: GQ3309 Task No: 02.02 

OSDF REVISED-PHASE V QUANTITY ESTIMATE 
SUM hl A R Y T A B L E 

ICY = In-Place Cubic Yards, LF = Linear Feet, SF = Square Feet, 

GQ3309-02.02/F04300 I .  Final .Quantity-Addendum 
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Date: 05 02 15 Reviewed by: Kenneth R. Daly Date: OS 02 15 
W .  MM DD 

--- Written by: Tamara E. Zettler 
YY MM DD 

Client: Fluor Fernald, Inc. Project: OSDF - Rev. Phase V ProjecVProposal No.: GQ3309 Ask No: 02.02 

OSDF - REVISED PHASE V QUANTITY ESTIMATE 

TABLE OF CONTENTS 

Page 

Executive Summary ................................................................................................................ 2 

Calculation Procedures ........................................................................................................... 6 

Data Verification ..................................................................................................................... 7 

Calculation and Results ........................................................................................................... 8 

Appendix A - Construction Drawings with Measurements and Calculations Added 
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Date: 05 02 15 . Date: 05 02 15 Reviewed by: Kenneth R . Daly ... 
W MM DD 

Written by: Tamara E . Zettler 
YY MM DD 

Client: Fluor Femald, Inc . Project: OSDF . Rev . Phase V Projecflroposal N o  . . GQ3309 Task No: 02.02 

LIST OF TABLES* 

Table 4 . Removal . Protective Layer .............................................................................. 9 

Table 5 - Base Aggregate ............................................................................................... 10 

Table 6 - Compacted Clay Liner/Cap ............................................................................. 1 1  

Table 1 1 - Granular Drainage Material 1 ....................................................................... 12 

Table 13 . Contouring Layer .......................................................................................... 13 

Table 14 - Biointrusion Barrier ...................................................................................... 14 

Table 15 - Choke Stone .................................................................................................. 15 

Table 16 - Granular Filter ............................................................................................... 16 

Table 17 - Topsoil .......................................................................................................... 17 

Table 18 - Vegetative Soil Layer ................................................................................... 18 

Table 19 . Riprap (Type C) ............................................................................................ 19 

Table 20 . Riprap (Type D) ............................................................................................ 20 

Table 25 - Geotextile Separator ...................................................................................... 22 

Table 30 - Geomembrane ................................................................................................ 24 

Table 23 . Erosion Mat ................................................................................................... 21 

Table 26 - Geotextile Cushion - Cover .......................................................................... 23 

Table 3 1 - Geosynthetic Clay Liner (GCL) .................................................................... 25 

Table 37 - Miscellaneous Removal ................................................................................ 26 

Table 38 - Vegetation ..................................................................................................... 27 

*Table numbers were kept consistent with previous Quantity Estimate submittal . Tables omitted fiom 
this list did not include materials used to construct the final cover system . 

i 
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Date: 05 02 15 Reviewed by: Kenneth R. Daly Date: 05 02 IS 
W M)it DD 

--- Written by: Tamara E. Zettler 
W M M  DD 

Client: Fluor Fcmald, Inc. Project: OSDF - Rev. Phase V ProjectlPropcsal No.: GQ3309 Task No: 02.02 

OSDF - REVISED PHASE V QUANTITY ESTIMATE 

CALCULATION PROCEDURES 

The purpose of this calculation package is to estimate material quantities for construction 
of the Cell 8 Final Cover System for the revised Phase V of the On-Site Disposal Facility 
(OSDF) as presented in the Certified-For-Construction Phase V drawings (construction 
drawings) developed in February 2005. These quantities are being updated to reflect the 
expansion of Cell 8, 100-feet in the NortNSouth direction. 

For each material, the applicable construction drawing details, cross-sections, and plans 
were used for calculating quantities. Quantities were calculated using measurements 
fiom the construction drawings as described below: 

0 lengths and areas were determined within the construction drawings using 
AutoCAD; and 

0 volumes were calculated using cross-sectional areas and lengths and plan areas 
and thicknesses. 

For each calculation performed, methods, assumptions, and schematic sketches and 
figures are presented on construction drawings presented in Appendix A. 

This calculation package is intended to be an addendum to the Revision 1 ,  Final Revised 
Phase V Quantity Estimate issued in January 2004. Only quantities related to 
construction of the Cell 8 Final Cover System are estimated herein. These quantities are 
reflected on plan drawings G-1 1 A, G-13A, and G-1 SA. As necessary, plan sheets (i.e., 
G-15) and detail sheets (i.e., G-26, G-27, G-28, and G-34) have been included to provide 
the necessary input parameters to estimate quantities. The quantities shown on G- 15 and 
the detail sheets have not been revised fiom the previous submittal as they have not 
modified by the expansion of Cell 8. 

GQ3309-02.02\F04300 I .Final.Quantity-Addendum 
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Page 8 of 27 

Date: 05 02 15 - Date: 05 02 1 5  Reviewed by: Kenneth R. Daly --- Written by: Tamara E. Zettler 
W MM DD W hl?4 DD 

Client: Fluor Fernald, Inc. Project: OSDF - Rev. Phase V Projecflroposal No.: GQ3309 . Task No: 02.02 

OSDF - REVISED PHASE V QUANTITY ESTIMATE 

CALCULATION AND RESULTS 

Calculations are presented on construction drawings included in Appendix A. Results are 
summarized in the tables presented subsequently. For consistency, table numbers were 
maintained fi-om the previous submittal. All tables are not presented herein as there are 
not relevant Cell 8 Final Cover System quantities for each table. For each calculation 
result, the Construction Drawing Sheet number where the calculation is presented is 
noted. 

I 
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Page 7 of 27 

Date: 05 02 15 - Date: 05 02 1 5  Reviewed by: Kenneth R. Daly 
W MM DD 

--- Written by: Tamara E. Zettler 
W MM DD 

Client: Fluor Fernald, Inc. Project: OSDF - Rev. Phase V Projecflroposal No.: GQ3309 Task No: 02.02 

OSDF - REVISED PHASE V QUANTITY ESTIMATE 

DATA VERIFICATION 

The data used to estimate quantities for the OSDF - Revised Phase V construction were 
obtained directly from the construction drawings. These construction drawings are 
presented in Appendix A. 

GQ3309-02.02W04300 I .Final.Quantity-Addendum 
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Page 9 of 27 

Date: 05 02 15 Reviewed by: Kenneth R. Daly Date: 05 02 15 
W LIM DD 

--- Written by: Tamara E. Zettler 
Yf MM DD 

Client: Fluor Fernald, Inc. Project: OSDF - Rev. Phase V ProjecUProposal No.: GQ3309 

TABLE 4 - REMOVAL - PROTECTIVE LAYER") 

I CELL 8 FINAL COVER SYSTEM 

Task No: 

1. Includes protective layer for temporary liner and cover system terminations and protective clay layer at perimeter 
berm. 

2. Calculations are presented on Drawings presented in Appendix A. 

02.02 

GQ3309-02.02\F043001 .Final.Quantity-Addendum 
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Written by: 

Client: 

Date: 05 02 I S  - Date: 05 02 15 Reviewed by: Kenneth R. Daly 
W M M  DD 

--- Tamara E. Zettler 
W MM DD 

Fluor Fernald, Inc. Project: OSDF - Rev. Phase V ProjecWroposal No.: GQ3309 Task No: 02.02 

TABLE 5 - BASE AGGREGATE 

I I 
I I CELL 8 FINAL COVER SYSTEM 

I .  Calculations are presented on Drawings presented in Appendix A. 

GQ3309-02.02\F04300 I .Final.Quantity_Addendum 
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Date: 05 02 15 Reviewed by: Kcnneth R. Daly Date: 05 02 15 
W MM DD 

--- Written by: Tamara E. Zettler 
W M M  UU 

I 

Client: Fluor Femald, Inc. Project: OSDF - Rev. Phase V ProjectProposaJ No.: GQ3309 Task No: 02.02 

TABLE 6 - COMPACTED CLAY LINEWCAP 

1 .  Calculations are presented on Drawings presented in Appendix A. 
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Date: 05 02 15 - Date: 05 02 1 5  Reviewed by: Kenneth R. Daly 
W MM DD 

--- Written by: Tamara E. Zettler 
W M M  DD 

Task No: 02.02 Client: Fluor Femald, Inc. Project: OSDF - Rev. Phase V Projecflroposal No.: GQ3309 

TABLE 1 1  - GRANULAR DRAINAGE MATERIAL 1(2) 

I CELL 8 FINAL COVER SYSTEM I 

I .  Calculations are presented on Drawings presented in Appendix A. 
2. Granular 'Drainage Material 1 includes drainage layer and non-impacted, granular materials. See Specification 

Section 027 10. 

GQ3309-02.02W043001 .Final.Quantity_Addendum 



ZEOSYNTEC CONSULTANTS Page 13 of 27 

Date: 05 02 15 - Date: 05 02  IS  Rcvicwed by: Kenneth R. Daly 
W hlM DD 

--- Written by: Tamara E. Zettler 
W Mhl DD 

Client: Fluor Fcrnald, Inc. Project: OSDF - Rev. Phase V ProjectlProposal No.: GQ3309 Task No: 02.02 

TABLE 13 - CONTOURING LAYER 

1 .  Calculations are presented on Drawings presented in Appendix A. 

. 

! 
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SEOSYNTEC CONSULTANTS Page 14 of 27 

Written by: 

Client: 

Date: 05 02 15 Reviewed by: Kenneth R. Daly Date: 05 - 
w 

--- Tamara E. Zettler 
YY M M  DD 

Fluor Femald, Inc. Project: OSDF - Rev. Phase V ProjectA'roposal No.: GQ3309 Task No: 

TABLE 14 - BIOINTRUSION BARRIER 

CELL 8 FINAL COVER SYSTEM 

1.  Calculations are presented on Drawings presented in Appendix A. 

02 15 
M M  DD 

02.02 
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GEOSYNTEC CONSULTANTS Page 15 of 27 

Written by: 

Client: 

Date: 05 02 I S  Reviewed by: Kenneth R. Daly Date: 05 0 2  15 
YY hTM DD 

--- Tamara E. Zettler 
YY MM DD 

Fluor Femald, Inc. Project: OSDF - Rev. Phase V ProjectIProposal No.: GQ3309 Task No: 02.02 

TABLE 15 - CHOKE STONE 

1 CELL 8 FINAL COVER SYSTEM I 

1. Calculations are presented on Drawings presented in Appendix A. 

1 i 

GQ3309-02.02W04300 I .Final.Quantity-Addendum 
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Page 16 of 27 

Written by: 

I 

Client: 

Date: 05 02 15 Reviewed by: Kenneth R. Daly Date: 05 02 15 
n' M M  DD 

--- Tamara E. Zettler 
\Y MM I)D 

Task No: 02.02 Fluor Fernald, Inc. Project: OSDF - Rev. Phase V ProjccWroposal NO.: GQ3309 

TABLE 16 - GRANULAR FILTER 

I CELL 8 FINAL COVER SYSTEM I 

1. Calculations are presented on Drawings presented in Appendix A. 

GQ3309-02.02\F043001 .Final.Quantity_Addendum 
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Page 17 of 27 

M'ri tten by: 

Client: 

Date: 05 02 15 Reviewed by: Kenneth R. Daly Date: 05 02 I5 
YY hthl DD 

--- Tamara E. Zettler 
YY hlM DD 

Fluor Fernald, Inc. Projcct: OSDF - Rev. Phase V ProjectProposal No.: GQ3309 Task No: 02.02 

TABLE 17 - TOPSOIL 

CELL 8 FINAL COVER SYSTE 

1 .  Calculations are presented on Drawings presented in Appendix A. 

GQ3309-02.02\F043001 .Final.Qumtity-Addendum 



ZEOSYNTEC CONSULTANTS 

Description Quantity 
Vegetative Soil Layer 46,075 

Subtotal: 46.075 

5 8 6 5  

Unit Reference") 
ICY G-15A 
ICY 

Page 18 of 27 

TOTAL: 

Date: 05 02 I5 Reviewed by: Kenneth R.  Daly Date: - 05 02 15 
W MM DD 

- ~ -  Written by: Tamara E. Zenler 
W hlhl DD 

46,075 I ' ICY 

Client: Fluor Femald, Inc. Project: OSDF - Rev. Phase V Projecflroposal No.: GQ3309 Task No: 02.02 

TABLE 18 - VEGETATIVE SOIL LAYER 

GQ3309-02.02\F04300 I .Final.Quantity-Addendum 
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Date: 05 02 15 Reviewed by: Kenneth R. Daly date: 05 02 1 5  
YY M M  DD 

--- Written by: Tamara E. Zettler 
W MM DD 

Client: Fluor Femald, Inc. Project: OSDF - Rev. Phase V ProjectProposal No.: GQ3309 Task No: 02.02 

TABLE 19 - RIPRAP - (TYPE C) 

I CELL 8 FINAL COVER SYSTEM 

1. Calculations are presented on Drawings presented in Appendix A. 
J 

GQ3309-02.02\F04300 I .Final.Quantity-Addendum 
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Page 20 of 27 

Date: 05 02 15 Reviewed by: Kenneth R. Daly Date: OS 02 I S  
\T Mhl UD 

--- Written by: Tamara E. Zettler 
W MM UD 

Task No: 02.02 Client: Fluor Femald, Inc. Project: OSDF - Rev. Phose V Projecflroposal No.: GQ3309 

TABLE 20 - RIPRAP - (TYPE D) 

I CELL 8 FINAL COVER SYSTEM 

~~ ~ 

I .  Calculations are presented on Drawings presented in Appendix A. 

GQ3309-02.02\F04300 1 .Final.Quantity-Addendum 
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Date: 05 02 15 Reviewed by: Kenneth R. Daly Date: 05 02 15 
W MM DU 

--- Written by: Tamara E. Zettler 
W hqhl DO 

Client: Fluor Fernald, Inc. Project: OSDF - Rev. Phase V Project/Proposal No.: GQ3309 Task No: 02.02 

TABLE 23 - EROSION MAT 

1 .  Calculations are presented on Drawings presented in Appendix A. 

GQ3309-02.02W04300 I .Final.Quantity-Addendum 
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Date: 0s 02 I5 Reviewed by: Kenneth R. Daly Date: 05 02 15 
W htM DD 

--- Written by: Tamara E. Zettler 
W MM DD 

I 

TABLE 2s - GEOTEXTILE SEPARATOR(*) 

CELL 8 FINAL COVER SYSTEM 

Description Quantity Unit Reference") 

Subtotal: 23,502 SF 

~ 
~ 

Monitoring Access 23,502 SF G- 15A 

8 YO Seaming & Waste: 1,880 SF 
TOTAL (Including % Seaming & Waste): 25,382 SF 
I .  Calculations are presented on Drawings presented in Appendix A. 
2. Geotextile Separator material properties are provided in Technical Specification Section 027 14. 

GQ3309-02.02WO4300 I .Final.Quantity_Addendum 
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5865 

Page 23 of 27 

Date: 05 02 15 Reviewed by: Kenneth R. Daly Date: 05 02 15 
- - ~  YY MM DD W h3M DD 

Written by: Tamara E. Zettler 

Client: Fluor Fernald, Inc. Project: OSDF - Rev. Phase V ProjecVProposal No.: GQ3309 Task No: 02.02 

TABLE 26 - GEOTEXTILE CUSHION -  COVER'^) 

FELL 8 FINAL COVER SYSTEM 

1.  Calculations are presented on Drawings presented in Appendix A. 
2. Geotextile Cushion - Cover includes geotextile cushion and sacrificial geotextile cushion materials. 

Specification Section 027 14. 
See 

(303309-02.02W04300 I .Final.Quant ity-Addendum 



ZEOSYNTEC CONSULTANTS 

CELL 8 FINAL COVER SYSTEM 

Description Quantity Unit I Reference"' 
I 

Geomembrane Car, 489,138 I SF G- 13A 

5865 
Page 24 of 27 

, Date: 05 02 15 Reviewed by: Kenneth R. Daly Date: 05 02 I S  
W MM DD 

--- Written by: Tamara E. Zettler 
W MM DD 

I 

Client: Fluor Femald, lnc. Project: OSDF - Rev. Phase V Projecflroposal No.: GQ3309 Task NO: 02.02 

TABLE 30 - GEOMEMBRANE 

I Subtotal: I 489,138 I SF 1 I 

1. Calculations are presented on Drawings presented in Appendix A. 

GQ3309-02.02\F043001 .Final.Quantity-Addendum 



GEOSYNTEC CONSULTANTS 

Description 
Geosynthetic Clay Cap 

Subtotal: 

5 8 6 5  
Page 25 of 27 

Quantity Unit Reference"' 
489,138 SF G- 13A 
489,138 SF 

Date: 0s 02 15 Reviewed hy: Kenneth R. Daly Date: O S  02 1s 
W MM DD 

__-- Written by: Tamara E. Zettler 
>Y MM DD 

1 

8 YO Seaming & Waste: 
TOTAL (Including 8% Seaming & Waste): 

Client: Fluor Fernald, Inc. Project: O S D F  - Rev. Phase V Projecflroposal No.: GQ3309 Task No: 02.02 

39,131 SF 
528,269 SF 

# 

TABLE 31 - GEOSYNTHETIC CLAY LINER (GCL) 

GQ3309-02.02\F043001 .Final.Quantity-Addendum 



GEQSYNTEC CONSULTANTS 

Description 
24-in. CMP Culvert 
49-in. x 33-in. CMP Culverts 

5 8 6 5  
Pane 26 of 27 

Quantity Unit Reference") 
55 LF G- 15A 

185 LF G- 15A 

Date: 05 02 1 5  Reviewed by: Kenneth R. Daly Date: 05 02 15 
W hlM DD 

--- Written by: Tamara E. Zettler 
W MM DD 

Subtotal: 
TOTAL: 

Client: Fluor Fernald, Inc. Project: OSDF - Rev. Phase V Project/Proposal No.: GQ3309 Task No: 02.02 

NIA 
N/A 

TABLE 37 - MISCELLANEOUS REMOVAL 

1 .  Calculations are presented on Drawings presented in Appendix A. 

GQ3309-02.02\F04300 I .Final.Quantity_Addendum 
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GEOSYNTEC CONSULTANTS 5 8 6 5  
Page 27 of 27 

Date: 05 02 15 - Date: 05 02 15 Reviewed by: Kenneth R. Daly 
W MM UU 

--- Written by: Tamara E. Zettler 
W MM DD 

Client: Fluor Femald, Inc. Project: OSDF - Rev. Phase V Project/Proposal No.: GQ3309 Task No: 02.02 

TABLE 38 - VEGETATION 

1. Calculations are presented on Drawings presented in Appendix A. 
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APPENDIX A 

CONSTRUCTION DRAWINGS WITH 
MEASUREMENTS AND CALCULATIONS ADDED 

DRAWINGS INCLUDED IN SUBMITTAL: 

G-l1A G-26* 
G- 13A G-27* 
G-15* G-28* 
G-15A G-34* 

*Drawing included for reference purposes only. Quantity estimates have not been modified 
from previous submittal. 
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IO035 I O 0 3 6  
1001. 
I0045 
10018 10017 

10046 l O O I 9  

10050 IO056 

10059 
10080 ,0061 
10063 

5033 

5035 

5037 
5030 5039 
5040 

5 0 1 2  
5043 
5044 
5045 5046 
5047 
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ON-SITE DISPOSAL FACILITY - PHASE V 

1 flNAL COVER SYSTEM CONTOURING LAYER 
CRAOING PLAN I - CELLS 3. 4. AND 5 
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I 
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cob 
5 - 
50.3 
5014 5045 

5016 5017 

5048 5049 5050 
505l 
5051 5053 
505I 
5055 5058 

5057 5058 
1050 5000 

5001 5081 5003 
5004 
5085 5086 

1087 5068 

5069 LO70 5071 
1077 - 

NG LAYER 
:ONTROL POINTS 

EISllVC C L w I l l O H  

135081 a .  78 006 .om 
i~~ioao.79 s m n .  
1351018.61 8 4 6 . 6 2  

1351166.57 1351 251.54 651.01 0 4 s  .02 
135131 1 . 3 6  6 4 0 . 8 4  
7351478.73 613.11 
1350807 38 603.00 

1351073.72 135101 5.90 037.84 8 4 3 . 6 1  
135I101 135I140.65 .89 8 4 8 . 0 1  8 4 3 . 6 1  

1351307 IJ51473.83 47 91 637.81 0 .1  I 
1350806.75 601.70 
135101 5.76 837.45 

135llKl 05 8 4 7 . 6 3  
1351149.01 843.13 
1351 306. 84 637.45 

1350001.49 1351 473.10 809.71 800.96 
135IOII.OI 1351068.83 835.71 6 4 1  . a 0  

135I148.6(l 6.5.49 

1351 1351 15s. 157.18 8 1  8r5.90 845.87 
I35I144.7S 6 1 1 . 1 9  
135r302 . 5 9  635.71 
135I.88 I 94 007.96 

135107~.09 8 . a . i ~  

COA LIMIT FOR C 
CONSTRUCTIOI 

mIN1 NO. NOT(1IIIC 

TO058 4-1259 3 3  

10059 I0080 481248.78 481148.07 
I O O K l  1il217.00 

10064 70065 4 8 1 2 4 3 . 1 8  400851 36 
10066 4008.8.81 
10067 480848.lO 
I0088 480847.03 
l006S 400845.05 
10070 480845.25 
I0071 480843.11  
10072 480451 .39 

10073 1007. 4 8 0 4 4 8 . 0 4  4Ooe48.13 
lo075 480117 0 s  
10076 480445.98 T 10017 10070 4 8 0 1 4 5 . 1 7  410141.24 

10062 rot145 9)  
10063 +oii45.a? 

MPACTED CLAY CAP 
CONTROL POINTS 

1 

FLUOR FIRNALD, INC. 

r' ON-YTE DISPOSAL FACILITY - PHASE V 

1 '  FINAL COVER SYSTEM CONTOURING LAYER 
GRADING PLAN II - E L L S  6 AND 7 
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COA LIMIT FOR COMPACTED CLAY CAP 
CONSTRUCTION CONTROL POINTS 

WIN1 MI. NORTHING ELSTING CLCVATIW 
10071 400.51 39 1150001 81 601  .09 
10073 400448.8r 1351011 . 3 4  635.05 
10074 4 8 0 4 4 8 . 1 3  1351069.16 6 4 1  .63 
10075 4 8 0 4 4 7 . 0 6  1351157.13 6 4 6 . 0 1  
10076 480+45 96 1351215.09 641 .63 
IO077 a80.45.27 1 3 5 1 3 0 2 . 0 1  635.85 -1 10078 4 8 0 4 4 3 . 1 1  1151469.21 6 0 8 . 1 2  

CONTOURING LAYER 
CONSTRUCTION CONTROL POINTS 

L I V A l I o I  

B00.90 
635.71 

6 4 1  . 4 9  
6 4 5 . 4 9  6 4 5 . 9 0  

0 4 5 . 8 7  6 4 1  .19 

635.71 

6 0 7 . 0 0  6 4 1  .38 

0 3 5 . 5 4  6 0 0 . 5 7  

6 4 + . 3 3  6 4 0 . 7 9  

6 3 4 . 9 5  5 9 9 . 9 9  

830.78 
6 3 9 . 7 7  

033.71 
6 3 3 . 6 7  
5 9 0 . 1 6  5 0 0 . 0 0  

6 0 3 . 5 9  
6 0 5 . 4 1  

595.51 5 9 5 . 1 7  

5 9 4 . 9 1  59..58 

5 9 3 . 5 3  

598.61 800.10 

- 

o + a , 5 o  

5 0 3 . 0 4  
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I FLUOR FERNALD, INC. 
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ON-SITE DISPOSAL FACILITY - PHASE V 

f lNAL COMR SYSTEM CONTOURING LAYER 
GRADING PLAN 111 - CELL 8 

71111 
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DO00 0001 

0002 0003 

001 0 
001 1 
001 5 
0013 
002. 0025 

0016 0017 
0028 
DO19 0037 
0038 
DO39 0040 
0041 00.2 

D O 4 3  0051 

0 0 5 1  
0053 0054 
OD55 
DO56 0057 

XYPACTED Q A Y  0 
lRucTK*I conma I NTS - 

UVAool 
657.91 
6 1 6 . 9 1  
6 6 2 . 3 2  b57.01 

652.11 
651.12 
609.89 
606.89 
6 4 9 . 1 2  6 5 4 . 9 1  

6 5 9 . 3 2  654.91 

6 4 9 . 1 2  6 1 3 . 9 1  

603.09 5.6 1 1  

651 .91 
6 5 6 . 3 1  
651 . 9 1  6.*.,2 

610.92 600.89 

6 4 3 . 1 2  648.91 

6 5 3 . 3 1  848.9,  

1 4 3 . 1 2  
6 0 7 . 9 1  

- 

- 

Y ! ! i  
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ON-SITE DISPOSAL FACILITY - PHASE V 

1 FINAL COVER SYSTEM COMPACTED CLAY CAP 
GRADING PLAN I - CELLS 3, 4. AND 5 
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1 OD51 
IO051 10053 10054 

10055 I0056 10057 

10070 t OOBO 

IO001 
, 0 0 8 2  
IO083 1 O O B I  

10085 10086 

10087 I O 0 0 8  

10089 
1 oono 
1 oos1 I ODs? 

10093 
1 0 0 9 4  IO095 

10096 10097 
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I EGOJD 
cxisnffi SUB~~ADL LAIIR ILLVATION (rcci) 

LXISTIWC C P I P I C I L D  C L I Y  CAP L L L Y L T W  (FELT) 

............... ..<,.A .. . . .  .::. .. 
. . .  . . . .  .;. ;. -- - - - - - 
........................ e P n o x w x  U Y ~  OF ~ N A L  COMR snnu 

W A C T L D  CLAY CAP ELEVAllOi  (FiLr)  (NOTE 2) 

PCRIYETER BERM B 6 C L W E  . . . . . . . . . . . . . . . .  

CDNSTRlCTlON 

CONSTWCTICU CONTROL W W T  '"+ 
QLL OCSPIAOON 

* 
6 3 7 . ~ 1 0  
5 9 5 . 6 7  

6 4 3 . 6 9  
6 4 0 . 0 9  6 4 3 . 6 9  

637 I9 
6 0 1 . 6 9  6 4 7 . 0 0  

6 4 3 . 3 8  
6 3 7  5 1  1 9 1  11 

6 4 6 . 3 3  
6 4 2  79 
636 9 3  594 .L 

6 4 5 . 5 6  
6.1.77 6.1 .,7 

6 3 5 . 6 9  
6 3 5 . 6 5  
5 9 2 . 7 4  193.23 

59I.3I 

595.11 
5 9 + . 8 7  59, 6 2  
19. .?6 

5 9 9 . 8 0  

U W E O  STATES DEPARTUMT OF ENERCY 
mu CLOWRE PROECT 

ON-SITE DISPOSAL FAaUlY - PHASE V 
Ilnc 

I FINAL COVER SYSTEM COMPACTED CLAY CAP 
GRADING PLAN 111 - CELL 8 

5 8 6 5  
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6235 6236 8137 

6130 6240 
6 1 4 1  

6242 
6 1 4 3  6247 

6 2 4 8  
6 1 4 0  
6150 8 1 5 ,  

8252 
6253 6254 

6255 
6256 0157 

6158 
6150 
6160 0203 

6 1 6 2  
6163 616.  

6265 6266 

6207 6288 

8189 (1210 

0171 
6272 
6273 017. 

6275 
6276 8277 
6118 
6270 
6180 810,  

6282 6203 

620. b203 
0166 

sa38 

- 

mcnoll F I N K  corn CONTROL SrSlEl I 

*DpI*.Ic Cumc 
482402.22 1350683.6. 
482491 .01 1350782.60 

482.87.02 . 0 7 4 8 7 . 1 ,  1351035.10 ,35,001 .3 
482406.12 1151162 .05  
482485.04 1151270 67  
4 8 2 4 8 4  33 1351 329 . O O  
482481 .76 1351539.28 
482475.20 1351620.91 

482475.37 461475.31 1351613 1351617.68 Sa 
481475.56 1351597.69 
482401 0 4  1151507.76 

< 8 1 0 0 2  482091 .03 1 5  1350777.77 1350070 7 5  
481087 0 5  1351030 21  
461007.21 1351088 5 4  
481086.15 1351177.16 
482085 0 7  1351265.78 
402004 36 1 3 5 1 3 1 4 . ! 1  
461081 .7D 1 3 5 0 3 4 . 3 8  
482081 .07  1351501.88 
482080.88 1351108 86 

402080.83 482000.79 1351812 1351 816 , I  , 8 6  0 

481091 07 1350771 68 

481887.08 481637.27 1351 1351 025 .32  083.65 
481806.1 8 1351 171 .27  
181685.10 1351 1bO.89 
481014.39 1351 1 1 9 . 2 1  
4811101 111 1311510 50  

481001 481680.91 . 1 0  1351587 1351 003.97 0 9  

481680 401880 86  82 1 3 5 1 8 1 1  1351607.97 2 ,  
481192.31 1350668.97 
481191 .09 1350768.00 
481188.01 1351 020.43 
481 287.30 1351 078.76 
481 186 . I1  1351 167 .38  
* 8 1 1 8 > . 1 3  1151256.00 
48118. .1 135131.  3. 

481281 a81281 .85 1 3  1351524.62 1361583.10 
481280 9 1  1351599 08 
481180.39 1351603.08 
481280.85 1351 006.33 

481092 .?n I 350673.80 

E 
0 0 0 . 4 3  
6 1 6 . 9 4  850.01 

08, .05 660 2 8  
664 85 
059.01 0 2 3 . 9 6  

610 30 613 54 
610.87 
614 .18  
61..22 597..3 

0 1 3 . 9 4  656 01 
861 .85  
6 6 6 . 1 8  661 . 85  

656 01 6 1 0 . 0 6  

611 11 610.58 
007 91 

b07.34 
594 .41  610 0 4  

653 01 
658 .85  663 2 8  

058 .85  853.01 
617 .08  
8 0 0 . 2 1  
b07.58 
604.91 8 0 4  3 4  

591 .*3 
607.04 
650 01 055 .85  

660.28 
655 8 5  050 01 

614 .96  
605 .21  6 0 4 . 5 8  

bo1 .91 
601 3. - 

5 YDlllORlNC A m S S  DCTMLS LRI WOW ON DRAIIINC 0-37. 

Y U C  IN r r E l  
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FLUOR FEPNALD, INC. 
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ON-SITE DlsposAL FACiUTY - PHASE V 
IIIL 

FINAL COVER SYSTEM GRADING PLAN I - ' 

CELLS 3. 4. AND 5 
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- 
481251 . 09  

181 187.30 

4 0 1  29a. 31 

481 a88 .oi  
+ n t a 6 6 . a i  
481 105. 1 3  
4aiza.. ,a 
481281.65 
,01281 - 1 3  
401  180.94 
401 aoo.69 
m a 8 0 . 8 5  
.so89a.J, 

180oo1 . ~ 3  
4ao116.24 

480891 . 1 3  
,00808.0.  

480885.16 
400804.45 
460061 .66 

+80801 480880.97 .16 

.001180.68 

180773.17 
100770.09 
480705.36 
L60768.29 
480767.11 

480763.93 
410713.27 

680762.97 

rOOISZ.37 

480188.07 
110117 ,36 
160466.27 

180484.48 180485.19 

+8onao.92 

48077+. 36 

r80?66.50 

480763 .oa 
4ao762.93 

a o m  .is 

4aoiii . 9 1  
a o m  . i ~  

+00+80.95 
480481 .OO 

l8OI80.91 

rw::.: . .. ... . . . . -. .. -. . . .. ̂. 

0m.C 

1150760.00 

1351 076.76 

i~50668.97 

1351 0 7 0 .  

1351367.38 
1351 256 .on 
1351 31 4 . 3 .  
1351514.6l 
I35I583,IO 
1351 599 .08 
I 351 603.08 
i 3 5 i  606.33 
131066..08 

I 351 073 .I? 
ia5ii6a.50 

1350763.11 
1351015.5. 

1351 151 . t 2 
1351309.45 
1311519.73 

1351591.19 1351571.11 

1351601 ..+ 
1350761 .67 
1351014 .10 
1351 072.43 
1351161 .05 
1357 349.67 

1351 51 6.28 
1351576.77 

1351 596.75 

1350650.lB 

1351 010.55 
1 331 068.90 
1351157.61 

1351146 1351304.56 1 3  

1351 590 ., 9 
i 350163.6~ 

1a51ao6.01 

i 3% 591.75 

~ ~ ~ i 6 o o . o ~  

1~50758.a2 

1357514 a6 
1351573 S a  

I J I I ~ P J . J O  
1351589.30 

1351596.55 

. .. .. . .. 

I 

I 

LE- 

r t w  COUP SIS~EV TEYPORUII 
PRUINAlICN AREA (NOTE d)  

YONlICUNC LCCISS (NOTE 6) 

a - 
"' 

6a76 ma79 

6215 6176 
6217 

6100 
6203 6a62 

6a63 6204 

6205 6a86 6ae7 

6169 

6291 
6 1 9 )  

6108 

6290 

6193 
6194 6195 

6298 

6296 
6197 

6299 6300 630) 

6302 6303 

6304 
6305 6106 

6307 
6306 6309 
631 0 6331 

631 3 631 4 

631 5 631 6 

631 7 131 6 
631 9 

6321 
632) 

631 a 

6310 

- 

~ 

N E  
E - 
591 . 4 3  607.94 

650.01 
655.05 660.26 

655.85 
150.01 6t4.96 

604 .51 
801 .91 
601 . 3 4  5M.43 

604 9 4  047.01 

657.26 652.85 

6 4 7 . 0 1  611 . 9 6  

601 .56 556.91 

598.35 
5e7.*0 604 0 5  

646.32 
65, .86 656.44 

651 .96 
646.13 671 .06 

EO? . A 3  600.69 
538.03 507.46 

5M.l. 
602.64 

650 55 65. .96 

650.55 644 .?2. 
600 87 
599.91 

605.2a 

65a.85 

6oa.aa 

644.71 

599.28 536.62 
596.05 - 

CERTIFIED- FOR- CONSTRUCTION 
1 I 1 I I I 2 3 5 6 I 4 

E 

FLUOR FERWALD, INC. 
W C I .  

ON-SITE DISPOSAL FACILITY - PHASE V 
1 1 t I  

flNAL COMR ELLS SYSTEM 6 AND GRADING 7 PLAN II - 
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. ? .. .! - OYK IUPIClCD Y A W I N  HAUI 

FNM COVER MTW S T ~  am= 
co(STRucn0w CONTROL WNTS 

K W l U l  -nub Umc U V A W  
6500 4 8 0 4 1 l . 4 4  1350757.37 - 
6501 480420.46 1350795.30 - 
b502 480416.55 135I I57 .73  - 
6503 410305.38 1551175.18 - 
b504 480155.73 1351173.45 - 
6505 48ODO9.50  IS51?07.59 - 
650b 479811.59 l J51295 .33  - 
6507 479778.66 1J51194.77 - 
b508 480362.71 1350801.94 - 
6509 160312.72 I J 5 I O 8 0 . 8 6  - 
b510 4 0 0 0 8 2 . 2 D  IJ5IO80.86 - 
b511 4798?6.16 1351040.86 - 
6512 480313.51 13508r2.0J - 
6514 .60265.96 1350999.8b - 
b5l5 479991 . 1 3  IJ50980.06 - 
6516 470800.53 135DD10.74 - 
b517 480306.65 l J50807 .34  5P6.66 
6 5 1 B  480124.73 1350944.02 598 61 
6519 119927.45 1350923.8D 596.65 
b520 479929.99 1350826.43 595.02 
6511 4 8 0 1 3 5 . 2 9  1J50850 .98  586.61 

b513 479948.87 1350903.19 590 33 
6524 479948.07 1350833.26 589.67 
6525 4802?4.73 1 3 5 0 9 4 4 . 0 1  598.61 
6526 480183.31 1350946.Sl  598 4 2  
6527 r700Ja . I6  ! 3 5 0 8 2 I  . $ a  5 0 2 . 6 1  

6529 479948.87 1350864.98 589.97 

6513 a o ~ i i . 0 7  I J ~ I O I J . ~ ~  - 

6521  .no?oo.6? ~ J S D O O J  I D  586.46 

6528 U O P ? K . O I  t35on61.91 586.58 

ROU) AND U C C S S  RAUI 

- I FLUOR FERNALD, INC. 
Wcl. 

ON-SITE DISPOSAL FAUUM - PHAY V 

flNAL COMR SYSTEM STAGED CLOSURE 
GRADING PLANS - CELLS 7 AND 8 

"Tu. 

111 - UYlS OF F I N K  YPAClW UAlWM PUCDlWT 
Y A L E  1. I IW' (Nom 11) -- 
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1 I 2 I 3 I 4 I 5 I 6 I 7 I 8 

PLRlYLlER P BERM 

SICRlflCIN CCOUEYBRINt 
( N O T  4) ' 

U O l C l l l U  WWOW 

CEOYEYBRANE UNEW 

oiosrmircnc c u r  LINER 

AT PERWEER - Qus 6 AND 7 AT IUPACTED RUNOFF CATCHU,mT AREA 

LINER S % T Y  . 

.. . . _  

D1D; 

1. DElAilS ARE YmW 10 YUE A5 ME0 CXCEPl T M 1  GtDSYNTHEIlC5 WICH M E  WOW A 1  
AN LXACCERLTED SCALE FOR a lR ITY.  MAICRIU TOLERANCIS WALL BE VllHlN LlYlTS Q H N  
H sPi0flcA1IDM. 

1. 

J ccmmwnw CDNTRW p a w i s  fa, PIEXXNX AND COYPACT~D arr UNER m PROWKO 
DI DRAMNCS G 4 ,  C-6. C-EA. C-7. C-7A 

j- 5 8 6 5  

I 



INlCRCELL WRY 
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UNER SYSTEM DETAILS 111 I 



4 CONSTRUCTloIl CONTRCi PUNTS FOR W B C R l D E  AND CaUPACIEO CLAY LINER ARE PRDWKD ON 
ORA'MNCS C-+, t - 6 .  C-W. C-7. MID t-'?A 
BOXES AND LDS. LCS. I N 0  RLCS PIPES ARE PRDYlDED oi ORImC5 C-8 AND C-9 

CDISTRUCllDI CONTRU PCQdlS TOR LINER PENLlRLllOh 

+ 58.65  



1.25. HQE (W) (NDlC 6) 

..... ............................................ 

- am *PI UR-PRCSPIR~ 
rrsi P ~ C  nm TESI 

1.15' HDLC (1W) (M1C 6 )  

..................... . .  . ,  . .  ................................... . .  

OUTER Pc&iR.nw 

~ nlnNCS (Mil 5) 

j :  

-- -- 
! '  , :  

i l ?  

~ ................................................................ j 

,----.-T-\ wXR FfWC1R*lIO)I 

: :  
3 2 1 '  

. !  . .  . .  .............. .................. .................................. . .  --e- 

IR-PKSYRC 4 TESl i /! : 
O W ~ ~ C R  r u m  MI" 
BNTWITE IRANULLS (NOTE 6 )  

PLAN VIEW PLAN VIEW 
NP-PRCSSURi 1111 

BCNlDWllC CRhWUUS (NOTE 6) 
CMWLR r u m  wm 

I ' ' I z Z - l  ...... ...... ,I a, , 

j1-I .... ............... - 6 .......................... pt ._ .  i . :+5l -+- 1.5' , .' ' 
, .  . .  
, .  : .  

I J 
RIGHT ELEVATION 

GCDICYBRA1.T LlNtR 
S I R 1  (NOIC I) 

RIGHT ELEVATION FRONT ELEVATION 
- 

YUI. 1- . I' ,- 1.15' *ar (TIP) (NOTE 6) 
I I I L . . .  I S  ......... '. ................... 

................................................ 

1' 

I i 
I I  I_ 1 

....... ............... ........................ / 2.- 1H i i 
NR-PRESPIRC i1sr 
CUIIIBIR FLLCD mi" PLAN VlEW EINlCWlTE CRIHUIS  (MlC 6) 

.. -*- 
C".U 
ECNlC 

ISOMETRIC 

IPIY1 q-$=z==;l ,,s, ; l s j v - f  , 
.20' 

- 
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D(UI1UBRANC LINCR 
WR1 (NDlC 3) 

RIGHT ELEVATION 
S W R I  (NDlt 3) FRONT ELEVATION 
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1 I 2 I 3 I 4 I 5 I 6 I 7 I 8 

sn i i u  LINER r 

LINER 

COMPACTE 
MNSTRUC 

CLAY UNER m CONTROL 

0 .- 
1 I I I 1 I CERTl FED- FOR- CON STRU CTI ON 

2 3 5 6 I 4 

. . 2. CMIPACILO CLAY LINER ELCVAl IDIS CORRCSPONO 10 lop OT C W P A C T L D  CLAY LINER. 

8. C O U S l R U C n D l  C W l R O L  PWNlS FOR SLBtRAOE AND CDYPAClCO CLAY LINER ARE PROWOEO ON 
W*lNCS G-6. c-6.. c-7. AN0 c-7&. 

m a P f i L U l l ”  

U N l l W  S T A B  DEPARTYEN1 OF ENERGY 
FERNMLI am= PRCLECT 

FLUOR FERNALD, INC. 
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l w C l  
ON-SITE DlSPOsAL FAaUTY - PHASE V 
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FINAL COMR SYSTEM COUPONENT WMMARY 
ammwrms WII I) 

swm I (IIIWNiNl I wicrniw sscnbi 
I I 

02770 

01772 

01711 

hh 
D u E  *s %OW - 

UNITE0 STATES DEPARNENT OF ENERGY 
FERNUD CLOSURE PR(XEc1 
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FLUOR FERNALD, INC. 
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ON-STE DISPOSAL FAClUTY - PHASE V 

flNAL C O m  SYSTEM DETAILS I 
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PDNl (1W) 

7 SLOPE U L O M R  WRllCU OF FINN COMR SlSTcU IS 6 t t l V  FOR EAST. MS1. *ND W T H  
PERIYETCRS OT 050f 

hh 
.%*LE A 5  5mw 

pu[DnKuII. 

UNITE0 STATES DEPARTYEN1 OF ENERGY 
mu aosm PMCT 

FLUOR FORNALD, INC. 
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W C I  
ON-STE DSPOSAL FAUUM - PHASE V 
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FINAL COVER SYSTEM DETAILS II I 
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INOK 31 

. . . . . . . . . . .  

CONlROt POW1 
INOI I  2) 

"7 \ 
C . \RIPRAP im . . . .  >. .T 

(NO11 3) . . . . .  
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...... ~. i . .  .._ .......... 

lH FINAL SySTDl 
NE M AT Qus 5 , 6 , 7 .  AND 8 

UNITED STATES DLPARlUENT OF ENERGY 
mu amm PROJECT 

mno 
I. oiiuts ARE Y(DW i o  SCUL AS w m o  i m p 1  rm mi c r o s w i n r n c s  WIW ARC wow 

CINN IN w i  SpEnncIIIws 
A1 .m C i l i C C l R I l i D  SCALi FOR CLhRllT # A E R I A L  1aLRILlCiS SHUL B i  n l H W  LlYllS 

. ?. CMlRtJCTlON CONTRDL PQNlS FOR WBCRADI AM0 TlNU COVCR SYSlLY ARE PROWDiD ON 
DRAWNCS C-3. C-4, C - 4  C-6A. C-74. C-15. AN0 C-l5& 

1 RIPRAP S h N L  BE IN K C O R D U C E  WlH SPCOFCATION SICTION 02171. 

4. wvLcci*no*I SHUL ES 8" ACCORDAWZ wm spcnncmm stciim omao. SURFACE-WATER MANAGEMENT SYSTEM DETAILS II 
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.I 8 6 5 1 I I I 4 2 3 I 5 I 6 I 7 I 0 
BORROW AREA MUL RO*D 

CONSTRUCllMi CONTROL 
PONT (W) (MOTE 2) 

._ . , . . . . . 

s1m BLiKND WOW 
FOR C L A R I N  (W) 

03' LWC (NOTE 4) 

e q a r O W  AREA HAUL ROAO 
4@ x35' MA. ALUMINIZED QIP CULIlERT QIOSSiNG 

- 
lllylmy 
589.00 
589 .oo 590.72 
590.79 590.79 

5 8 7 . 2 2  590.79 

590.79 500 72 

500 66 590 62 

590 61 590 e 9  
586 97 
590 53 500.52 
590 50 
590.51 
586.93 590.50 
590.38 

590.36 

590.20 500 2 0  

sa7 2 2  

500.3a 

511s 51 

586 54 
586 53 
590.21 
590.19 569.92 586.26 

589 91 

586.26 5 8 9 . 9 2  

5ao.01 

1351111 56 
1351111 13511 24.72 . 5 6  

1351 1.3.86 
13571 .3  02  
115llrr 06 
1351 144.20 
13511 4 4  .35 
1351 I ... .o 
13511 2 4 . 6 2  
1351116.54 
1351098.60 
1351 098.71 
1351 I IS .61 
I351D16.83 
1351077.37 
1351077.77 
1 3 5 1 0 9 6 . 2 6  1351 098.96 

1351089 0 6  
1351078 66 
1351079.32 
3351016 20 
1 1 5 1 0 3 6 . 1 6  1151025.1 2 

1351 007.39 
1351 OlO.60 
13530,a 82 
1351021.33 
1351038.0I 7 1 5 1 0 3 6 . 6 6  

1350966 33 
135l007.30 

I350982 33 
1350997.31 
1351 011.28 
1350988 26 
1351016 l1510?4.2. .31 

1351024.90 
135r032.55 
1351031 . 19  
1351 060.75 
I35IO69.27 
1351 090 06 
1351 090.31 
1 351097 61 
1 3 5 1 0 9 8 . 4 3  
1351106.51 
l 3 5 1 ! 0 6 . 6 5  
1351 032.95 
1351 01 5 09 
1351086.83 
135,1092.45 

13)102z.?a 

586 55 
5a6.53 

586 97 
586.95 

590.65 
500 64 587.78 

587.40 589.00 588 ..I 

SCALP 1' - 4' 
I C  m- 

l N E  - 
587.50 
517.50 583.81 
583 a, 
587 50 
5 8 6 . 4 7  583.83 587 50 

567 4 3  
567.1. 
587 4 5  

587.46 586.10 586. > 0 
583 5B 
5 8 6 . 0 8  
586.06 583.57 

5~16.11 5a5 08 

583.81 5 8 3 . 8 4  
563.84 

563.57 
563 57 583.57 

- 

msmcna 
m9 NnRuo 

1 4 0 0  47947r.2, 
1 4 0 1  47903.06 
1 4 0 2  ,79467.10 
1.03 ,78466 21 
1 4 0 1  479461 .50 
1105 479455.06 
1 4 1 0  470467.BO 
1.13 479462.76 

1 4 1 3  470458.59 

I 4 1 5  479452.58 
1 4 3 6  094??:56 
1437 470121.46 
1428 470411 , ? B  
1429 479119.22 

1 4 3 1  *79412.35 
1814 d79452.89 

1025 370175 1 3  
1826 478.67.98 
I827 479467.44 
1811 479466.67 
to29 479.19.20 
1830 479451 . 8 6  
i s 3 1  470448.45 
11133 479418.57 
1833 479116.36 
1834 479411 . 9 5  
3835 4 7 0 4 1 1  ,50 
~ 8 3 6  4704lI .>a 

11138 09100.71 

1 . 1 1  479458 33 

1 1 1 4  479453.12 

I430 479417.78 

1815 479462.21 

la37 479403.14 

CONTROL I 
WDlD 

1350957.*8 
1 3509Sl .31 
1350977 6 9  
! 350981 .16 
1350995.J8 
1310996.28 
1350971 . I  1 
135095, 1350991 .58 . a ,  
I350056 I5 

1350992.20 
1350942.77 
IJ509.6.63 
I 3 5 0 0 6 1  . 5 6  
1350945.31 I150941 .57 

I350951 .l7 

I3509S3.95 
1350961 . O ?  
1350972.90 
I 350976.27 

1310993.40 
13S0953.75 
1350986.48 
13509.7.57 
1350969.76 
1350952.37 
IJ10015.B3 
I350950.54 
1350940.71 
I 350063.40 

1asoga8.14 

1 ~ ~ 1 0 3 6 . 2 9  

1~50979.87 

.o 

X U E  IN FEET 
O N I I f i 1 c L I 7 ,  

UMTEO STATES MPIRNENT OF ENERGY 
FEWALD ENWRONMENTU M I N I E M E N 1  #MECT 

@ P C * l  - 
C J I  ** 

FLUOR FERNALD, INC. 

X U E  IN FEET 
) I I I I f i . C L I 7 ,  

UMTEO STATES MPIRNENT OF ENERGY 
FEWALD ENWRONMENTU M I N I E M E N 1  #MECT 

FLUOR FERNALD, INC. 
c1 

ON-SITE DISPOSAL FACILITY - PHASE V . 

I SURFACE-WATER MANAGEMENT SYSTEM DETAILS IV 
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CEOTEXllLl Y P A R A l O R  ( N o l i  9) 

&.L:.l. , _. .. .. .. .. 
7 '  

. '  ' . . . . -  

L 
7 
1s ( I ?  

tXISltNG UT5 PIPE (NOTE 1.) 

LONG (NOTES 4 AND 14) 

30-H MA. RW CULVERT CROSSNO 

. .  

. .  

.. EUERGCNCI lCCCSS R O M  
c 

I 

y- S C U C  H FCEl 

DIiI"rn1, 

UNlmD STATES DEPARTMENT OF aJERCY 
FERNAID QoslRE m C T  

am: 

FLUOR FERNALD, INC. 

-I. -.- 
BORROW I R i h  ACCESS R O M  

-11' i tZ- 

-"..,~~ .,_.,. - .. ,.. 
I ~ . ,  :.."..' 

C W P A C l L O  FIU  

I""' 
ON-SITE DISPOSAL FACILITY - PHASE V 

1 SURFACE-WATER MANAGEMENT SYSTEM DETAllS V 

1 I 



I 

I 

. . . .  

PUN 
ORAlNAGE CHANNEL EAisT OF "t- Snmn 
MWlFl.CAlWN AT VMVE HOUSE 8 
Y A L E  1 -10 

~ C O N S I R U C l W H  CnNTRO, 
POINT (NOT 1) 

ACCESS CORRIDOR 
IFORucRLv RIYIA x c i s s  aomfr- SIRECT) 

............... - ... -. . . . . . . . . .  ..... ..... 

1' (",+-I I ! ! I c 1' (UIN) 

W A N J  W A N  RLCS COWTUNYEN1 PlPC ( N o l i  11) 
0.7s (WIN) 

2. CONSlRUClION CONlRDL WINIS FOR SUBORAOE ARE PROHOCO ON DRAMNOS 0-3, G-,, 0-5, 
C-6. AND C - 6 1  AND ARE PROUDID IN T A M  SHOW ON WlS DPAUINC. 

DRAMNC 

CONSTRUCIION CDNTRl 
P m i s  ~ O P  CULKRT ~NVCRTS AND R~PRIP L I Y ~  &RE PwmncD IN ~ ~ B L E  smw nN i u s  

6 BERM WDlH VARIES TROW 0 TO 2 mil W E R E  CHANNEL OEPTn RFWlRES BERM 

7. MGCllTlON SHALL B l  IN A C C W D W C E  W l l H  S P i C F I C I l I O N  SECTION 02930 

8. 

9. PLACE RIPRAP lm C n l W l N  AREA SHOW 

1RENCHtNC AND BACKFIIUNC SHALL BE IN ACCWDAYCE k T H  SPEClFlCATIOU SECTION 02115 

ID. RCP c u L m i s  u i n  m i i s  S H ~ U  SE IN A C C O R D ~ C E  YTH s P c c n i c * i ~ a r  YCIION 0 2 m  RCP 
C u L M R i s  WALL B i  PLACED DH TOP DI RCPRIP 1.5 r c t i  -OM YIBGRAOL AS wow nw 
DRIMNCS. 

'- 
SCALE IN r t i i  

D I T R l r l C l l l .  

@ UNIW STATES DEPARNENT OF WERW 
FERNALD am= MCT 

FLUOR FERNALD, INC. 

O C N I  - 
4 

m O I F l  
ON-SlE DISPOSAL FACILITY - PHASE V 

,,Ill I SURFACE-WATER MANAGEMENT SYSTEM DETAILS VI 
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1 I 2 I 3 I 4 I 5 I 6 I 7 I 8 

! r - L W h  FENCE 

I 
CREST Of 
EYBlNIUENl  

CONCRETE'BIRRIER ( T I P )  
INOX 13) 

PCRYINCNT MCEl&lIDN ( T I P )  

CONSTRUCDDN CONTROL 
POINT (TW) (NOTE 4) 

EXISTING M E M Y N L  AN0 RPC M C n  SECTION 10 0l RCUOMD 
PRlOR 10 CONSlRUCllDN O f  PRINCIPAL SAILWAY 

CXBTlNC PIPE A R O (  TO REMAIN 

P R I N C P N  
SPILLWAY R l Y R  

1 SLOPE BEYCUD 
- B O l l O L l  Df 

SHOW rca CUP PIPE ARCH 
CLAFITY (NOTE 5) 

PRWCIPN SPILLYLY I 
R 6 E R  EL 569 50 

REINFORCED CONCRETE RISER I 
~ A S L B O ~ O U I L  5 M  75 I 

ROD A M )  LUG TYPE 
COUPLING BlND 
Mm 9 CORRUGATIONS 

2' x 2' x I/ .-  ANGLi 
STAINLESS STEEL 

72' CUP TOP PLATE 

1.5' PRESSURE 
RELIEF MOLES 

m n  
I .  P R I N C P N  SPILLWAY R l P R  WALL BE CNBLDDED 0.75 FEET IN REINFORCCD CONCRETE RISER 

BASE. 

3. WLKRTS AND R l Y R S  SHALL E ALUMNIZED A N )  IN ACCMIDANCC MTH SPCCIFICITION 
P C T l C U  02721 

5. CONTRACTOR WALL flLL A MINIMUM ff 2 F E C I  *BOK CROWN OF EXISTING CUP PIPE ARCH 
WLKRT PLACEUENT AND CCUPLCTION Of FILL WALL BC IN ACCORDANCE WW 
s p i c t r i c m m  ~ c i m  02200 

6 

7 

L*y I lO  NO. 57 STCUE SHALL BE VSW AROUND 11-INCH K R F W A T E D  CUP LOW-FLOW RIYR. 

B A Y  AGGREGATE 4ND GEOlEXlILE SCPARATOR WALL BE IN ACCORDAMC'MlH SPEClFiCAllON 
P C T I O N  02230 

8. RRRAP WALL @I IN ACCORDANCE wm s P i c t r I c * i m  s c c i m  oim. 
e. CEOTEXTLE~FILTCR SHALL BE IN ACCWDkNCE W l H  SPEClflCAllON SECTION 02714 

10. VKZTATGU SHNL BE IN ACCORDANCE MTH 5 P c c m c k i I o N  YCPON 02930. 

1 ?/k- X 1 I/,- X 7 /4-  
ANGLE MlDED 10 TW Df 
R b E R  DR A l l ~ C ~ i o  BY 
STRAPS BOLTED TO TOP Of 

L 46- ---I 
SRLLWAV CUP PRINCIPAL RlSLR 

RISCR 

PRINCIPAL 
R l Y R  11  TRACTOR SHALL fURNISH COKWTE MIX W T I i  SUFFICIENT NR ENTRAINING LOUlXTURC 10 

PRDMDC 51 i ix AIR AT P ~ N T  or O C L l M R l  IN A C ~ D A N C E  m1M ASIY c z x  AND A 
W P R E S S W  STRENGTH Df 6000 PSh I 1  28 O A i 3  WEN TESTED IN *CCORDANCi WTH -TU 
c39 

sEcnoN A-A' 

12. CWTRACTMI W A L L  fURNISH RElNfORUNG rCLDi0 STEEL MRE FABRlC IN ACWFSIANCZ MlH 
ASTU A i 8 a  

13. C F C R E T E  BARRERS SHALL BE WPPLKD BY FLUOR rERNN0. INC 

1.4, CONTRACTOR WALL YRAP LOW-LEML RISER Mm GNVANIZED MRE MESH OMRLllN BY IM 
* R A P S  Of CCOlEXTlLE fILTER. 
DPENiNGS AND A 0.063 INCH MRE DIAHCTER. 

CALVANI2EO I R E  MEW W N  H A M  1/2 INCH S W M  

CL 57050 - 

NEW CUP 31' APE CUP M C H  PIPE/71*.44' BULUHCNl 

C C f f N W l C  RiOUCiR 

REMFMICCD CWCRLTE 
RISER BASE (NOTE 11) - 

I R / l * o L , l *  S C N E  AS WOW 

UNITE0 STATES DEPARTUWT OF ENERGY 
FERNALD ENWRONMENTAL YANACNENT PRaECT 

E 

FLUOR FERNALD, INC. 

MIINTENANCC 1CCESS 
c 

KUCI.  
ON-SITE DISPOSAL FACILITY - PHASE V 

SUBWNX Y 

SURFACE-WATER MANAGEMENT SYSTEM DETAILS MI 

& .. 
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CERTlflED-FOR-CONSTRUCTION 
1 I I I I I 2 3 5 6 I 4 



1 I 2 I 3 I 4 1 5 I 6.  I 7 I a 

v 1 Jq I; 

I N l I - M R l E X  ocuci 

RIPRAP 1WL C (1 

Y A L E  A5 5MDW 

UNITED STATES DEP*RRIENT Of WERCY 
FEWLO aosum PWCT 

FLUOR FERNALD, INC. 
rnOTC7. 

ON-SITE DISPOSAL FACILITY - PHASE V 1 SURFACE-WATER MANACEMENT SYSTEM DETAILS Vlll 
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I -  
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I 

1 I I I 4 2 3 I 5 I 6 I 7 I - 8  

D n U L  
= - V A G €  CHANNEL WTH LINER Smar AT ELL 8 SOUTH OF US-15 

? + T I M  
DRNNICI CHANNEL CWSIRUCTIW c o r n m u  

P M N l  (1W) (NOTE 4) 

' EI45l lNG lLlS PlPE 
TO BF RCYOKD ( N o l i  S) 

c 

* ..:.;,..: , C'.  , ., " .  .... ., 

-.2 

UNlmD STATES OEPARMNT OF ENERGY 
FERNm QOSURE PRaECT 

FLUOR FERNALD, INC. 
I-"' 

ON-SE DSPOSAL FACILITY - PHAS€ V 
,1111. I SURFACE WATER MANAGEMENT SYSTEM DETAILS IX 



1 I . 2  I 3 I 4 I A~~~ 5 n u t  nom I 6 I 7 I 8 

F 

CONSlRUCllON CONlRCt 
POINT ( 1 P )  (NOTE 2) 

49'.33* O I L  ALUMINIZED CUP C U L K R l  
9)' LQNC l N D l E  3) 

\-RIPRIP W E  C 
(1W) ( " O l i  E) 

AREA HAUL ROAD 
WA. KUYlNlZED CMP CULIlERT CROSSNG 

TRENCH EXCAVATION ( N O E  11) 

C U L K R T  SPRING LINE 

.9'.33' on* ALUYINIZEO cup 
C U L M R l  (1W) (NOX 2)  

om- . 
1. M l A l L S  ARC S H O W  TO Y A L E  *5 NOTCO EXCEPl  FOR GEMINTHETICS MlCH ARE SHOW A T  AN 

EXAC(XRAlC0 SCALE FOR CLARITY. Y A K R I A L  1OLCRkNCIS WILL BE WmN LIMITS W M N  IN 
SPECITICATIONS 

2 CONSTRUCTION CONTROL P O N E  FOR WBGRADE. C U L M R l  INVERTS. AND RIPRAP L l U l l S  ARE 
PROMDED I N  Mi  IABLE M U N  ON THIS ORAING AND ON ORAWNCS G-SA AND C-15h  

TRENCH E I C I V * l , W  

a UUYINIZEO CUP AND RCP cm*wis AND ~ N T S  WALL BE YI LCCORDIHCE mi" SPECFICITION 
kccfss c m i m  ( r c a m t v  

SEClION 02711 RlUlA ASCESS ROMf ' r '  S T R C i l )  

4 TRENCHING AND BACKrI tUNC SHALL ES IN ACMROANCE Vim SPECIFICAIION P C l l C N  02215 

5 m o i E m u  rliiiw SHALL ES IN ICCOROAWCE WTH spccmc*im Y C T ~  01711 

6 RIPRAP 94111 BE IN r C C W D I W a  mm SPEClFlCI l lON S i C l I o H  01271 

7 PLACE RIPRAP 1WC C WlMN AREA WOW 

8 BAP AomicAit AND o m t i m i  SEPAR*TOR SWLL B i  IN ACCORDANCC win smciricmm 
StCI(ON 011.m. 

9 M U T A T I O N  WALL BE IN A C C O R D I N E  MlH SPtCFICATICN YCTION 029SO. 

10 ERQSION Y A l  SHALL BE I N S T I L U D  ON % W E  L C M i l H S  OF 6' OR GRCAlCR A N )  N ACCORDANCl 
Wm SPECIFCATION Y C l l Q N  02210 

PUN 

AT MlSllNG BORROW AREA HAUL ROAD 
RUN-OFF WMRSION aims uannunm 
5CUE 1- I 10 I RIPRAP UUITS m m a  P a u s  

UIRlE 
1350660.44 
1350670 03 
1350602.32 
1350699.1 1350699.52 5 

1351011 20 
1350863 1350995.98 04 

I35IO15 51 
1151059.82 1351089.83 

1351000.25 
1351061 .28 
1 J50887.8.l 
1350167 73 
1 3 5 0 6 B 2  . S I  
1350706.01 
1150706.45 

.8 
50 

52 

5. 
55 
60 

05w U P l i T D a N C  .CCfSS 

c 
\ I 
7 mOTEXTllE SLPARITOR (NOTI a) -w %E 

FLUOR FERNALD, INC. 

EROSlON Y A l  ( N o l i  IO) 

PERUANEN1 M C E T A l l W  (WOK 9) 

DIG, 

ON-SITE DISPOSAL FACILITY - PHASE V 1 SURFACE-WATER MANAGEMENT SYSTEM DETAILS X 
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(Nons 1 AN0 I )  

8. &MA. ID PI B R - 1 1  HDPt 

PLUG (1W) c 1 . 3 -  1 . 4  

\\ 



F 

#TAIL 
SOUlH AND WEST PWYElER YlH 

CDlSlRUCllON C W l R O L  
PQNl  (1V) (NOTE .) - 

IUPAClED RUllOm cI~cI(u~wl - 250 10 CCNlERLINE 
DF INTERCELL BERM (NOlES 1 AND 9) 

mus 
I.. O E l U L S  *RE WOW 10 Y A L C  AS NDlCD EXCEDI FOR CEDSINlllETCS W I C H  ARE % O W  A1 LN 

EXAGGERATED %Mi fOR UARI11. MATERIAL 1OLCRWOES SHALL BE AS SPEUFIED IN TECMMCAL 
zpiuricinws. 

1 FLUOR FERNALD, INC. 
I-"' 

ON-SITE DISPOSAL FACILITY - PHASE V 
111d. 

IMPACTED MATERIAL PLACEMENT DETAILS I I 

I 



\ 

CONNECTION To DCD OR CORNER POST 

5 8 4 5  - 

EXOlHERUICALLY W I L D  
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EXECUTIVE SUMMARY 

PURPOSE OF ANALYSIS 

The purpose of this calculation package is to present the OSDF capacity for Cell 8. 

METHODS OF ANALYSIS 

The capacity for Cell 8 was estimated using the computer program Autodesk@ Civil Design 3 within 
Autodesk@ Land Desktop 3. 

CONCLUSIONS 

The following table provides the estimated capacity for Cell 8. 
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OSDF CAPACITY CALCULATION 

CELL 8 EXPANSION 

j INTRODUCTION 

PURPOSE OF ANALYSIS 

The purpose of this calculation package is to present the OSDF capacity for Cell 8. 

METHODS OF ANALYSIS 

The capacity for Cell 8 was estimated using the computer program Autodesk@ Civil Design 3 within 
Autodesk@ Land Desktop 3. 
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OSDF CAPACITY CALCULATION 
CELL 8 

(Autodesk@ PROCEDURES AND VOLUME RESULTS) 

INTRODUCTION 

The purpose of this section is to provide an overview of the Autodesk@ procedures used to calculate the 
OSDF Cell 8 capacity and to present the capacity estimated using Autodesk@. 

METHOD OF ANALYSIS 

The Earthworks module of Autodesk@ Civil Design 3 is used to compute volumes within Autodesk@ 
Land Desktop 3 [Autodesk, 20011. Earthworks calculates volumes based on a digital terrain model that 
represents each surface of interest. The surfaces used to compute the capacity of the OSDF Cell 8 are: (i) 
top of the leachate collection system (LCS) grading plan; and (ii) bottom of the contouring layer grading 
plan. Earthworks generates a triangular irregular network (TIN) to model each surface and uses the grid 
method to compute volume. The grid method calculates volumes using a grid system overlain on the two 
TIN surfaces. The volumes are calculated for each grid using the prismoidal volume between the surfaces, 
and then each grid volume is summed to give the total volume. For Cell 8, the volume is estimated using a 
parcel area defined by a vertical plane at the intercell berm between Cells 7 and 8. Figure 1 provides an 
isopach representing the thickness of impacted material which can be placed in Cell 8 as well as the 
associated capacity of Cell 8. 9 

Autodesk@ RESULTS 

The following table provides the estimated capacity for Cell 8. 

OSDF CAPACITY I 
(CY) 

I 

REFERENCES 

Autodesk@, Inc., Autodesk@ Civil Desim Reference Manual, Henniker, NH, 2001. 
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ADDENDUM TO SECTION 7.2 

(ADDED TO REVISION 1 PACKAGE) *-= 5 8 6 5 

The calculation package presented in Section 7.2 was prepared to establish minimum cell 
storage requirements for containment of impacted runoff during the filling of cells. The analyses 
shown in Section 7.2 are applicable for the northernmost and interior on-site disposal facility 
(OSDF) cells &e., Cells 1 to 7) where the maximum containment volume of the impacted runoff 
catchment area (IRCA) is limited by the minimum elevation of a rain flap installed along the 
intercell barn at the south edge of the IRCA. However, the southernmost OSDF cell (i.e., Cell 
8) differs from the other cells in that: (i) Cell 8 has a modified configuration as compared to Cells 
1 to 7; (ii) Cell 8 is an end cell; and therefore, the maximum containment volume of the IRCA is 
limited by the minimum elevation of the intersection of the protective layer and the Cell 8 
perimeter berm; and (iii) the downstream cells are not available for management and containment 
of impacted runoff during closure of Cell 8, as was the case for prior OSDF cells, management 
and containment of impacted runoff is provided solely within Cell 8 until construction of the 
final cover system. 

This addendum to Section 7.2 was prepared to verify the adequacy of the Cell 8 IRCA based 
on the varying size of Cell 8 and to estimate the decreasing Cell 8 impacted runoff catchment 
area (IRCA) storage requirements as Cell 8 is progressively filled and capped during staged 
closure. Similar methods and input data to that used in Section 7.2 were used herein. This 
addendum is presented as Section 7.3 of the OSDF Final Design Calculation Package, and is 
entitled “Cell 8 Impacted Runoff Catchment Area Requirements”. Section 7.3 is presented in 
Volume VI1 of the OSDF Final Design Calculation Package. 

3 
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CELL 8 IMPACTED RUNOFF CATCHMENT AREA REQUIREMENTS 

EXECUTIVE SUMMARY 

PURPOSE OF ANALYSES 

The purpose of this calculation package is to demonstrate the adequacy of the Cell 8 
impacted runoff catchment area (IRCA) design in providing the necessary impacted runoff 
storage capacity both before and during staged closure of the final cell (ie., Cell 8). 
Furthermore, the package provides requirements for sizing the R C A  during final closure 
construction activities through use of a design chart to interpolate for cases where the capped cell 
area is between that of the stages of closure evaluated in this package. The flow capacity of 
channels discharging to the IRCA and the expected time for drawdown of impacted runoff within 
the IRCA are calculated to demonstrate that the design meets the required design criteria. 

METHODS OF ANALYSES 

The cases modeled in this package represent conditions expected to exist during the filling 
and staged closure of the final cell (Le., Cell 8). Analyses are separated into three groups: 3 i.) evaluation of IRCA storage capacity; 

ii.) evaluation of IRCA inlet channel capacity; and 

iii.) evaluation of impacted runoff drawdown time. 

It is important to note that non-impacted runoff is being defined as runoff from cap areas 
over which two lifts of compacted clay cap have been placed as a part of the final cover system. 
Non-impacted runoff will be diverted to the OSDF surface water management system and thus 
will not enter the IRCA. The term “capped” will be used to describe areas of the landfill that 
have received at least two lifts of compacted clay cap and where runoff has been diverted to the 
OSDF surface water management system, and “uncapped” will refer to areas of the landfill that 
discharge runoff to the IRCA. 

IRCA Storage Capaciq 

The Cell 8 IRCA, prior to staged closure, is designed to contain the runoff from two cells 
(i.e., Cells 7 and 8) during the 25-year, 24-hour storm event with the required 0.5 feet of 
freeboard. As established in the calculation package presented in Section 7.2. the IRCA for Cells 
1 through 7 was designed to have a North/South dimension of 250 feet measured from the 
centerline of the intercell berm and an East/West dimension of 185 feet measured from the 
shoulder of the perimeter bem. 

Y FO420010-RevZ 
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Because Cell 8 is an end cell and has been expanded to a width greater than CeIls 1 through 
7, the IRCA dimensions have been modified to provide adequate storage capacity. Modifications- 
include: 

5 6 

0 The NortNSouth dimension of the Cell 8 IRCA has been increased to 377 feet as 
measured from the northern edge of the impacted material haul road into Cell 8. This 
will allow the IRCA to be located in the southwest comer of the cell while still extending 
over the leachate collection corridor. 

The East/West dimension of the Cell 8 IRCA has been increased to 229 feet as measured 
fiom the western side of the Cell 8 perimeter berm baseline. 

This revised geometry, as shown in Figure 1, is evaluated herein to verifL the storage 
capacity of the IRCA based on the expanded size of Cell 8. 

Three stages of IRCA filling during the staged closure are considered for evaluation. These 
stages and the runoff areas associated with these stages are shown in Figures 2 through 4. Figure 
2 shows the R C A  geometry designed to contain the runoff for Stage I, when Cell 7 has received 
find cover, and approximately 40 percent of Cell 8 has received final cover. This geometry 
provides a smaller IRCA plan area than those of Cells 1 through 7 as presented in an earlier 
calcuIation package (Sectian 7.2, Required Cell Leachate Storage); however, it will be shown to 
provide adequate volume. The Stage I geometry provides a remaining impacted material 
placement capacity of approximately 1 13,000 cubic yards with an additional approximately 
19,000 cubic yards of non-impacted material capacity to provide for surface water management 
within the cell. 

Figure 3 shows an IRCA geometry designed to contain the runoff for Stage 11, which 
provides for a remaining impacted material placement capacity of 38,000 cubic yards with up to 
an additional approximately 19,000 cubic yards of non-impacted material capacity to provide for 
surface water management within the cell. At this stage, approximately 70 percent of Cell 8 has 
received at least two lifts of compacted clay. Calculations showing the total impacted material 
remaining to be placed for Stages 1 and I1 are presented in Attachment A-4. 

Figure 4 represents the case when the remaining impacted material has been placed in Cell 8 
up to the estimated total impacted material capacity of Cell 8. However, at this point, the two 
lifts of compacted clay have not been placed, and therefore, runoff in this area is still impacted. 
Approximately 19,OOO cubic yards of non-impacted material will be required to reach proposed 
final cover contouring layer grades. At this stage, approximately 80 percent of Cell 8 has 
received two lifts of compacted clay. 

The IRCA storage capacity is considered adequate if it complies with the design criteria used 
to evaluate the IRCAs for Cells 1 through 7 in Section 7.2, which requires the IRCA to provide 
storage capacity to handle the 25-year7 24-hour storm event with 0.5 ft of freeboard. Hydrologic 

113 F0620010-Rev2 
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and basin routing analyses are performed using methodologies presented in TR-20 [USDA-SCS, 
19821 and TR-55 [USDA-SCS, 19861, as coded into the computer program HydroCADTM. 

+ 5 8 6 5  
3 

This calculation will provide requirements for sizing the IRCA during final closure 
construction activities through use of a design chart to interpolate for cases where the capped 
area is between that of the stages analyzed in this package. 

Channel Capacity 

The required depths for channels discharging to the IRCA are evaluated for the “worst-case” 
scenario only (Le., prior to Staged Closure as shown on Figure 1). This analysis provides the 
worst-case scenario in regards to channel depth because it has the largest uncovered area, 
resulting in the largest impacted runoff peak flow rate being routed through the channels. The 
channels are designed to convey peak flow rates from the 25-year, 24-hour storm event with 
minimum freeboard of 0.5 ft as established in the DCP [GeoSyntec, 20041. Hydraulic analysis 
of this channel is performed using Manning’s equation as coded into a computer spreadsheet. 
Peak flow rate for the channel was taken from the HydroCADm output performed for the lRCA 
capacity calculations. 

Drawdown Time 

The amount of time expected for impacted runoff to drain from the IRCA after the 
completion of the 25-year, 24-hour storm event into the Cell 8 LCS is referred to; herein, as the 
drawdown time. The drawdown time is estimated for the three stages described earlier in this 
calculation package. The drawdown time estimated for these three stages is controlled by the 
fact that the flow rate is limited by the capacity of the enhanced permanent leachate transmission 
system (EPLTS) permanent lift station pumps. A simplified calculation was performed where 
the volume of the IRCA is discharged at the maximum allowable flow rate of the EPLTS 
permanent lift station pumps (Le., 200 gpm). The drawdown time prior to Staged Closure is not 
calculated herein as the IRCA is at full capacity. 

3 

RI%SULTS 

Revised Phase V IRCAs and channels are designed for the 25-yearY 24-hour storm event. The 
results are as follows: 

IRCA Storage Capacity 

0 The Cell 8 IRCA design, prior to staged closure, provides containment for runoff from 
two cells (i.e., Cells 7 and 8) during the 25-year, 24 hour storm event with the required 
0.5 ft of freeboard. 

Y F0420010-Rev2 
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0 The calculated peak water elevation for the 25-year, 24-hour storm event allows more 
than 0.5 A of freeboard from the minimum embankment crest elevation for the three 
staged closure cases analyzed. 

The results of the HydroCADm analysis of the IRCA storage capacity are summarized 
in Table 7. The results show that the required IRCA storage capacities are: 

Prior to Staged Closure = 2 19,368 ft3; 
Stage I = 76,927 ft3; 
Stage I1 = 45,869 ft3; and 

Stage I11 = 22,651 A3. 

Channel Capacity 

Calculated freeboards corresponding to the peak flow rate for the inlet channels are 3.3 ft 
for Channel C and 3.4 ft for Channel E; therefore, the calculated freeboards exceed the 
minimum required freeboard of 0.5 ft. The locations for channels C and E are shown on 
Figure 1. 

Calculated peak flow velocities for the unlined channels are 6.7 ft/s for Channel C and 
4.78 Ws for Channel E. Appropriate erosion control practices shouId be used by the 
contractor to minimize the potential for erosion. 

Drawdown Time 

3 
The estimated drawdown time for Stages I through I11 is limited by the capacity of the 
EPLTS. The EPLTS permqnent lift station pumps provide a maximum allowable flow 
rate of 200 gpm, which results in the following approximate drawdown times: 

Stage I = 2 days; 

Stage 11 = 1.2 days; and 

Stage 111 = 0.6 days. 

CONCLUSIONS 

The purpose of this calculation package was to demonstrate the adequacy of the design in 
providing the necessary impacted runoff storage capacity both before and during the staged 
closure of the final cell (i.e., Cell 8) in the OSDF. Additionally, IRCA inlet channel capacity and 
IRCA drawdown time were calculated to show that the design meets the required design criteria. 
The following conclusions are made based on the calculations perfonned in this package: 

1)1 FO42001O-Rev2 
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e 

e 

The Cell 8 IRCA design, prior to staged closure, provides adequate storage 
volume to contain the runoff for the X-year, 24-hour storm event from two 
cells (i.e., Cells 7 and 8). 

The IRCAs for the three stages evaluated during staged closure provide 
adequate storage volume to contain the runoff for the 25-year, 24-hour storm 
event. 

A design chart has been prepared (Figure 5 )  to provide requirements for sizing 
the IRCA based on the uncapped area of the OSDF remaining where the 
capped cell area is between that of the closure stages evaluated herein. 

The temporary channels carrying the runoff into the IRCA provide adequate 
capacity; however, due to the flow velocities, appropriate erosion control 
practices should be implemented by the contractor. 

Calculation results show that the design meets the applicable design criteria; 
therefore, the design is considered acceptable. 
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3 CELL 8 IMPACTED RUNOFF CATCHMENT AREA REQUIREMENTS 

CALCULATION PROCEDURES 

INTRODUCTION AND PURPOSE 

The purpose of this calculation package is to demonstrate the adequacy of the Cell 8 
impacted runoff catchment area (IRCA) design in providing the necessary impacted runoff 
storage capacity both before and during staged closure of the final cell (i.e., Cell 8) for the on-site 
disposal facility (OSDF). Furthermore, the package provides requirements for sizing the IRCA 
during final closure construction activities through use of a design chart to interpolate for cases 
where the capped cell area is between that of the stages of closure evaluated in this package. 
Additionally, the flow capacity of channels discharging to the IRCA and the expected time for 
drawdown of impacted runoff within the IRCA are calculated to demonstrate that the design 
meets the required design criteria. The calculations provided in this calculation package are 
based on the Certified-for-Construction drawings developed as part of the Revised Phase V 
design in December 2004. 

3 DESIGN SCENARIOS 
- 

The cases modeled in this package represent conditions expected to exist both before and 
during the staged closure of the final cell (i.e., Cell 8). Analyses are separated into three groups: 

i.) evaluation of IRCA storage capacity; 

ii.) evaluation of IRCA inlet channel capacity; and 

iii.) evaluation of impacted runoff drawdown time. 

It is important to note that the criteria defining non-impacted runoff has been established as 
runoff from cap areas over which two lifts of compacted clay cap have been placed as part of the 
final cover system. Non-impacted runoff will be diverted to the OSDF surface water 
management system and thus will not enter the IRCA. The term “capped” will be used to 
describe areas of the landfill that have received at least two lifts of compacted clay cap and where 
runoff has been diverted to the OSDF surface water management system, and “uncapped” will 
refer to areas of the landfill that discharge runoff to the IRCA. 

The Cell 8 IRCA, prior to staged closure, is designed to contain the runoff fkom two cells 
(i.e., Cells 7 and 8) during the 25-year, 24-hour storm event with the required 0.5 feet of 
freeboard. Because Cell 8 is an end cell and has been expanded to a width greater than Cells 1 

0 ’  FO420010-Rev2 
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through 7, the IRCA dimensions have been modified to provide adequate storage capacity. 
Modifications include: 

3 
The NortWSouth dimension of the Cell 8 IRCA has been increased to 377 feet as 
measured from the northern edge of the.impacted material haul road into Cell 8. 

0 The East/West dimension of the Cell 8 IRCA has been increased to 229 feet as measured 
from the western side of the Cell 8 perimeter berm baseline. 

This revised geometry, as shown in Figure 1, is evaluated herein to veri@ the storage 
capacity of the IRCA based on the expanded size of Cell 8. 

Three stages of RCA filling during staged closure are considered for evaluation. These 
stages and the runoff areas associated with these stages are shown in Figures 2 through 4. Figure 
2 shows the IRCA geometry designed to contain the runoff for Stage I, when Cell 7 has received 
final cover, and approximately 40 percent of Cell 8 has received final cover. This geometry 
provides a smaller IRCA plan area than those of Cells 1 through 7 as presented in an earlier 
calculation package (Section 7.2, Required Cell Leachate Storage); however, it will be shown to 
provide adequate volume. The geometry of Stage I provides a remaining impacted material 
placement capacity of approximately 1 13,000 cubic yards with up to an additional approximately 
19,000 cubic yards of non-impacted soil capacity to provide for surface water management 
within the cell. 

Figure 3 shows an IRCA geometry designed to contain the runoff for Stage 11, which 
provides for a remaining impacted material placement capacity of 38,000 cubic yards with up to 
an additional approximately 19,000 cubic yards of non-impacted soil capacity to provide for 
surface water management within the cell. At this stage, approximately 70 percent of Cell 8 has 
received at least two lifts of compacted clay. Volume calculations estimating the capacity 
remaining for Stages I and I1 are presented in Attachment A-4. 

3 

Figure 4 represents the case when the remaining impacted material has been placed in Cell 8 
up to the estimated total impacted material capacity of Cell 8. However, at this point, the two 
lifts of compacted clay have not been placed, and therefore, runoff in this area is still impacted. 
Approximately 19,000 cubic yards of non-impacted materia1 will be required to reach proposed 
final cover contouring layer grades. At this stage, approximately 80 percent of Cell 8 has 
received two lifts of compacted clay. 

IRCA Storage Capacity 

The required IRCA storage capacity will be calculated for the design configurations 
discussed above. A comparison will be made to the actual IRCA storage capacity to show that 
adequate storage is provided for the IRCA geometries shown in Figures 1 through 4. 

U FO420010-Rev2 
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Channel Capacity 

Channel capacity calculations will be performed for the most critical channels only @e., 
Channels C and E as identified in Figure 1). These channels are the most downstream channels 
for the two groups of catchment areas contributing runoff to the IRCA; therefore, these channels 
will receive more flow than the upstream channels. The calculations will be performed for the 
geometry shown in Figure 1, as this represents the stage with the largest uncapped area and 
consequently the greatest volume of runoff. 

Drawdown Time 

The mount of time expected for impacted runoff to drain from the IRCA after the 
completion of the 25-year, 24-hour storm event into the Cell 8 LCS is referred to herein as the 
drawdown time. An estimate of the drawdown time is made for the three stages represented in 
this calculation package. The estimate for the three stages is controlled by the fact that the flow 
rate will be limited by the allowable capacity of the enhanced permanent leachate transmission 
system (EPLTS) permanent lift station pumps. A simplified calculation was performed where 
the volume of the IRCA is discharged at the maximum allowable flowrate of the EPLTS 
permanent lift station pumps (i.e., 200 gpm). 

METHODS OF ANALYSIS 

IRCA Storage Capacity 

Required IRCA storage capacity calculations are performed using methodologies presented 
in TR-20 [USDA-SCS, 19821 and TR-55 [USDA-SCS, 19861, as coded into the computer 
program HydroCADTM [HydroCADm, 19931. HydroCADm breaks the units influencing the 
runoff into three types: (i) Subcatchments; (ii) Reaches; and (iii) Ponds. Different input 
parameters are required for each. 

Certain input parameters are required for the overall analysis; these parameters include: (i) 
design storm event; and (ii) rainfall distribution. 

The main input parameters needed for the Subcatchment subroutines include: (i) 
subcatchment runoff curve numbers; (ii) subcatchment areas; (iii) flow length and geometry; (iv) 
2-year, 24-hour storm event; and (v) Manning’s coefficient. 

The main input parameters required for the Reach subroutines include: (i) channel geometry; 
and (ii) Manning’s coefficient. 

The main input parameters for the Pond subroutines include: (i) pond areas at various 
elevations; and (ii) properties of the outflow structures. 

The values for these parameters used herein are presented in the Data Verification Section of 
this calculation package. Further discussion of the significance of these input parameters can be 
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found in Section 12.4 of the Revised Final Design Calculation Package On-Site Disposal Facility 
entitled “OSDF-Phase IV-Surface Water Management Design”. 

3 
Once the required storage capacity has been calculated, requirements will be provided for 

sizing the IRCA during the final closure construction through use of a design chart (Figure 5 )  to 
interpolate for cases where the capped area is between that of the stages analyzed in this package. 

Channel Capacity a 

The adequacy for the hydraulic capacity of the inlet channels is evaluated in terms of an 
available fieeboard for peak flow rates. The available fieeboard is calculated as the difference 
between the available flow depth in the channel and the calculated peak flow depth. 

The peak flow depth is cakulated based on Manning’s equation as coded into a computer 
spreadsheet. Manning’s equation is as follows: 

1.49 xsx . Q,,=-AR 
n 

where: Qmm = peak flow rate (cfs); 
n = Manning’s roughness coefficient (dimensionless); 
A = cross-sectional area of flow (rt2); 
R = hydraulic radius (f&) defined as R = A/P where P is wetted perimeter (fl); and 
So = Iongitudinal slope (rise/run). 

Both A and P are functions of the peak flow depth; therefore, the equation can be used to 
solve for the peak flow depth. 

The values for these parameters used herein are presented in the Data Verification Section of 

Peak flow rates were used as inputs and were taken fiom the HydroCADm output 
performed for the IRCA storage capacity calculations. The minimum available flow depth is 
obtained directly from the construction drawings at the point that the channels flow into the 
IRCA. 

this calculation package. 

Drawdown Time 

As mentioned earlier, the drawdown time is the amount of time expected for impacted runoff 
associated with a 25-year, 24-hour storm event to drain fiom the IRCA into the Cell 8 LCS. The 
drawdown time may be evaluated using Darcy’s Law as shown below: 

Y FO4200 10-Rev2 
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where: At = incremental drawdown time (seconds); 
dV= incremental volume change (it3); 
k = permeability of the LCS drainage layer (Wday); 
i = hydraulic gradient (Ne); and 
A = area perpendicular to flow (p). 

The drawdown time evaluated based on Darcy’s Law, as noted above, is applicable to 
characterize liquid flow through the granular protective 1ayedLCS layer overlying the LCS 
corridor. This ‘LCS corridor’ drawdown time must be compared with the drawdown time 
associated with the allowable capacity of the EPLTS permanent lift station pumps, downstream 
of the LCS conidor. A simplified calculation may be performed where the volume of the XRCA 
is discharged at the maximum flowrate of the EPLTS permanent lift station pumps &e., 200 
gpm). The equation below shows the formula used to calculate the ‘EPLTS limited’ drawdown 
time: 

where: t = drawdown time (days); 
V = required IRCA storage capacity for a given stage (ft3); and 
Q = flow rate (gpm). 

DESIGN CRITERIA 

The calculations included in this package have been performed for the 25-year, 24-hour 
stom event as required by the Design Criteria Package (DCP) [GeoSyntec, 20041. For the 
Fernald Environmental Management Project (FEW) property, this event has a rainfall intensity 
of 4.7 in. [Parsons, 19951. 

IRC4 Storage Capacity 

The Cell 8 IRCA, both prior to and during staged closure, must be designed to contain 
impacted runoff fiom two cells during the 25-year, 24-hour storm event and shall provide at least 
0.5 ft of freeboard fiom the minimum elevation the intersection of the protective layer and the 
Cell 8 perimeter berm. 

F0420010-RtvZ 
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I) Channel Capacig 

The calculated fkeeboard of the channels must equal or exceed the minimum required 
freeboard of 0.5 ft as stated in the DCP [GeoSyntec, 20041. The veIocity of the flow within each 
channel will be calculated based on the assumption that the channels will be unlined. This 
velocity will be checked against a maximum suggested flow rate of 2.0 Wsec for unlined 
channels as established in Section 7.2. If the computed flow velocity is larger than this criterion, 
appropriate erosion control practices will be required in the field. 

Drawdown Time 

The drawdown time will be calculated and the results will be reported. 

r FW20010-Rev2 
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CELL 8 IMPACTED RUNOFF CATCHMENT AREA REQUIREMENTS 
DATA VERXFICATION 

INTRODUCTION 

This section presents the selection of parameters used to perform analyses in the Calculation 
Results section of this calculation package. Many of these parameters have been established in 
earlier calculation packages; however, some are unique to. this package and will be discussed in 
detail herein. The input parameters will be discussed in terms of the three main types of 
calculations being performed as part of this package. 

, 

INPUT PARAMETERS 

IRCA Storage Capacity 

As discussed in the Calculation Procedures section, the computer pro am HydroCADTM 
was used to compute the required IRCA storage capacity. HydroCAD’ breaks the units 
influencing the runoff into three types: (i) Subcatchments; (ii) Reaches; and (iii) Ponds. 
Different input parameters are required for each. 

Some of the input parameters are required for the overall analysis; these parameters include: 
(i) design storm event; and (ii) rainfall distribution. The design storm event in this analysis is the 
25-year, 24-hour storm event, which has a rainfall intensity of 4.7 in. [Parsons, 19951. The 
rainfall distribution for the Femald Environmental Management Project (FEMP) property is Type 
11, and was established based on a chart that shows the rainfall distribution for different regions 
of the United States. The calculation package in Section 7.2 shows this chart. 

3 

The main input parameters needed for the Subcatchment subroutines include: (i) 
subcatchment runoff curve numbers; (ii) subcatchment areas; (iii) flow lengths and slopes; (iv) 
magnitude of precipitation from the 2-year, 24-hour storm event; and (v) Manning’s coefficient. 
The runoff curve number for the entire OSDF was set as CN = 91 as established in Section 7.2 
for a newly graded area of the soil type found at the OSDF. The subcatchment areas, flow 
lengths, and slopes of the flow paths were established from the construction drawings. The 2- 
year, 24-hour storm event has a rainfall magnitude of 2.55 in. [Parsons, 19951. Manning’s 
coefficient of roughness was set at 0.01 1 for the subcatchment areas as established in Section 7.2 
for a smooth rolled surface. Tables 1 through 4 show the remaining inputs used by 
HydroCADTM for the Subcatchment calculations. 

The main input parameters required for the Reach subroutines include: (i) channel geometry; 
and (ii) Manning’s coefficient. The channel geometry (i.e., channel side slopes, longitudinal 
slope, channel length, and inlet and outlet elevations) was established from the construction 
drawings. Manning’s coefficient was set as 0.018 as established in Section 7.2 for a straight 
unlined channel. Due to the simplicity of the HydroCad models for Stages I through 111, reaches 

1 3 F04200 I 0-Rev2 
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were not used. Table 5 shows the geometric inputs used in HydroCADm for the reaches defined 
in Figure 1. 

3 
The main input parameters for the Pond subroutines include: (i) pond areas for given 

elevations; and (ii) properties of the outflow structures. The pond areas were measured for 
various elevations using AutoCAD. Table 6 shows the areas measured, the cumulative storage 
volume, and the corresponding elevations for the RCA in each of the three stages of the staged 
closure. No outflow structures were modeled in this analysis, which provides a conservative 
estimate of the storage capacity, since no outff ow was allowed. 

Additional discussion of the selection of the parameters can be found in the notes below 
Tables 1 through 6. The results of the analyses are presented in the Calculation Results section of 
this package. 

Channel CapaciQ 

As discussed in the Calculation Procedures section of this package, the peak depth of flow 
required to carry the maximum peak flow rate was computed using Manning’s equation and was 
compared to the available flow depth. The maximum available flow depth was obtained directly 
from the construction drawings and is approximately 5 feet. 

The parameters needed to compute the channel capacity using Manning’s equation are as 
follows: (i) the peak flow rate, Qm (cfs); (ii) Manning’s coefficient, n (dimensionless); (iii) the 
cross-sectional area of flow, A (p); (iv) the hydraulic radius, R (fit); and (v) the longitudinal slope 
of the channel, So (risehn). 

The peak flow rate for Channels C and E as shown on Figure 1 were obtained from the 
HydroCADTM output performed for the IRCA storage capacity calculation. The peak flow rates 
used in the analyses are 45.21 cfs for Channel C and 28.29 cfs for Channel E. 

The value used for the Manning’s coefficient is 0.01 8. This is the same value that was used 
for the channels in the HydroCADm analysis discussed above. 

The parameters A, R, and So are functions of the geometry of the channel and are established 
directly fiom the construction drawings. The values of the geometrical input parameters used for 
this calculation are shown in Table 5.  The results of the analyses are presented in the 
Calculation Results section of this package. 

Drawdown Time 

As discussed in the Calculation Procedures section of this package, the ‘LCS corridor’ 
controlled drawdown time may be computed using Darcy’s Law for incremental IRCA 
elevations. The parameters needed for this analysis include: (i) incremental volume change, AV 
(fit); the permeability of the LCS drainage layer, k (Ws); the hydraulic gradient, i (Wft); and the 
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area perpendicular to flow, A (ft). The input values used for the drawdown analysis are shown 
below: 

3 
where: AV = varies (corresponds to the storage elevation in the IRCA according to 

HydroCADm output); 
k = 0.0033 ft/s (minimum permeability of the LCS drainage and granuIar 
protective layer as required by the specifications); 
i = varies (related to the storage elevation of the IRCA); and 
A = 1,236 ft2 for Stages I and 11; 3 17 ft2 for Stage 111. 

The simplified calculation performed to provide an estimate of the drawdown times 
controlled by the allowable capacity of the EPLTS permanent lift station pumps requires the 
following input parameters: (i) volume of required IRCA storage capacity, V (fi’); and (ii) the 
flow rate of the Ieachate, Q (gpm). The volume of required IRCA storage capacity was computed 
as a part of the IRCA storage capacity calculations in this calculation package. The volume of 
required IRCA storage capacity for the three stages is summarized in Table 7. The flow rate of 
the leachate is that of the EPLTS permanent lift station pumps, which has been established as 
200 gpm. 
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CELL 8 IMPACTED RUNOFF CATCHMENT AREA REQUIMMENTS 

CALCULATIONS 

INTRODUCTION 

This section presents calculations and results based on procedures and data presented in the 
Calculation Procedures and Data Verification sections of this calculation package. The 
calculations and results will be discussed for the three types of analyses performed as part of this 
package. 

CALCULATIONS AND RESULTS 

IRCA Storage Capacity 

The IRCA is considered adequate if it complies with the design criteria used to evaluate the 
IRCAs for Cells 1 through 7 in Section 7.2, which requires the IRCA to provide storage capacity 
to handle the 25-year, 24-hour storm event with 0.5 fl of fieeboard. Hydrologic and basin routing 
analyses are performed using methodologies presented in TR-20 [USDA-SCS, 19821 and TR-55 
[USDA-SCS, 19861, as coded into the computer program HydroCADm. The output from 
HydroCADm can be found in Attachment A-1 . 

This calculation provides requirements for sizing the RCA during the final closure 
construction through use of a design chart (Figure 5) to interpolate for cases where the capped 
area is between that of the stages analyzed in this package. 

The results of the IRCA Storage Capacity calculations are as follows: 

The calculated peak water elevation for the 25-year, 24-hour storm event allows more 
than 0.5 ft of fieeboard ffom the minimum embankment crest elevation for the cases 
analyzed herein. 

e The results of the HydroCADm analyses of the IRCA storage capacity for the cases 
analyzed are summarized in Table 7. The results show that the required IRCA storage 
capacity for each of the cases analyzed are as follows: 

Prior to Staged Closure = 219,368 A'; 

Stage I = 76,927 fi3; 

Stage I1 = 45,869 f13; and 

Stage III = 22,65 1 'ft3. 
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Additionally, estimates of the volume of impacted material remaining to be placed were 
made for Stage I and Stage II. Calculations showing the total impacted material remaining to be 
placed for Stages I and I1 are presented in Attachment A-4. The results of these estimates are 
included in Table 7. 

3 
Channel Capacity 

The channels are designed to safely convey peak flow rates from the 25-year’ 24-hour storm 
event. Hydraulic analyses of Channels C and E as shown in Figure 1 are performed using 
Manning’s equation as coded into a computer spreadsheet. Attachment A-2 shows the detailed 
calculations for the channel. The results for the channel capacity are as follows: 

Calculated fieeboards corresponding to the peak flow rate for the inlet channels are 3.3 ft 
for Channel C and 3.4 ft for Channel E; therefore, the calculated freeboards exceed the 
minimum required freeboard of 0.5 ft. 

Calculated peak flow veIocities for the unlined channels are 6.7 ft/s for Channel C and 
4.8 ft/s for Channel E. Appropriate erosion control practices should be used by the 
contractor to minimize the potential for erosion. 

Drawdown Time 

The amount of time expected for impacted runoff to drain from the IRCA after the 
completion of the 25-year, 24-hour storm event into the Cell 8 LCS is refmed to herein as the 
drawdown time. An estimation of the drawdown time is made for the three stages represented in 
this calculation package. Analyses indicated that the estimated drawdown time for Stages I 
through III is limited by the capacity of the EPLTS. The EPLTS permanent lift station pumps 
provide a maximum flow rate of 200 gpm, which results in the following approximate drawdown 
times: 

3 

Stage I = 2 days; 

Stage 11 = 1.2 days; and 

Stage 111 = 0.6 days. 

CONCLUSIONS 

The purpose of this calculation package is to demonstrate the adequacy of the design in 
providing the necessary impacted runoff storage capacity both before and during staged closure 
of the final cell (i.e., Cell 8) in the OSDF. Additionally, IRCA inlet channel capacity and IRCA 
drawdown time are calculated to show that the desigrl meets the required design criteria. The 
following conclusions are made based on the calculations performed in this package: 
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The IRCA for Cell 8, prior to staged closure, will provide adequate 
containment volume for impacted runoff from the 25-year, 24-hour storm 
event from two celIs (i.e., Cells 7 and 8). 

The IRCAs for the three closure stages provide adequate storage volume to 
contain the runoff for the 25-year, 24-hour storm event. 

A design chart has been created (Figure 5 )  to offer guidance in sizing the 
IRCA based on the uncapped area of the OSDF between that of the stages 
analyzed in the calculation package. 

The temporary channels carrying the runoff into the IRCA provide adequate 
capacity; however, due to the flow velocities, appropriate erosion control 
practices should be used by the contractor. 

Calculation results show that the design meets the applicable design criteria; 
therefore, the design is considered acceptable. 
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Table 1 - Input parameters describing the geometry used In the HydroCAD Subcatchment calculations for Cell 8 IRCA (full size) 

- 
Area 

(-) - - 
3.08 

3.39 

1.57 

3.47 

0.885 

241 

202 - 

slope 

- 
0.1 

0.1 

0.1 

0.1 

0.1 

0.29 - 
QIY is restricted to a CorUBNative value of 100 R. 

R s w l  - 
Slope 

(Nff) - - 
0.167 

0.167 

0.167 

0.167 

0.167 

- 
0.0056 

0.005 

Table 2 - Input parametem describing the geometty used In the HydroCAD Subcatchment calculations for Stage I 

1.21 

15.1 

1.51 

1.51 

- 
Right 
S l W  
(HV) - - 
3 1  

3:l 

3:l 

3:l 

3: 1 

- 
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Table 3 -Input parameters describing the geometry used In the HydroCAD Subcatchment calculations for Stage II 

Notes (1) Sneet Flow ts restricted to a mnrwnt lve  value of 100 h 

Table 4 - Input parameters describing the geometry used in the HydroCAO Subcatchment cahlatlons for Stage Ill 

Nates (1) Sheel Row is r m r k W r n  a t~n~)~at ivevaIue  d 100 R 
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C h a d  
Lebd 

B 
C 

E 

F l W  Lqihtdinal Bonan R w  hdd ouuel L& Right 

( f i )  (A) (8) (A) (8) (8) ( n V )  (H:W 
LenBh S l W  width pepm ElevaUm UevaUm Side Slope Side Slope 

637 0.005 0 6 603 599.8 1.51 3:l 

442 0.009 0 6 599.8 595.82 1.5: 1 1.5:l 
234 0.005 0 6 595.97 594.8 31 1.51 

FUn She IRCA 

Elevelion Area “72; 
(n) Ctt‘) (cy) 
6a6 1.525 0 
587 12.981 7.231 
588 27.399 27.443 
(189 38.725 E4.m 
590 50.399 105,067 
591 62.770 161.651 
592 75359 250.n7 
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scsgs I SWe II Slage Ill 

Cumldauve EbvaUcm &ea ‘tmE? Elavalim Area Cumulative 
Volume Area Votume Elewtlm 

(fl) (CY) (m) (ct‘, (CY) (n) (ff) (CY) 
586 1.521 0 586 1.521 0 586 565 0 
587 6.389 3.955 (187 6.389 3.955 587 2.390 1.478 
568 10,601 12,430 588 10.604 12.430 588 4.694 5.041 
589 15.559 25.554 589 15.559 25.554 569 7.730 11.258 
590 20,468 43.764 590 20.848 43.764 690 11.213 20.730 
591 24,071 m,m 591 24.077 66.320 591 13.864 33.247 
592 27.032 91.831 592 27.032 91.831 591 16.645 48,501 
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Uncapped 

Area 

(acres) 

16.83 

5.89 

4.43 

1.66 

TabIe 7 - Results of lRCA AnaIysis 

Vdme of 

IRCA Required 

Volume Available 

Containment for Impacted 
Elevation@' lRCA I Material"' 

Volume Provided Peak Elevation durlng 

By Design"' 25-Year S t o n  

1.766 

1 .ox3 
0.520 

76,927 2.113 92,042 591.4 592.1 1 13,000 

45.869 2.113 92.042 590.1 592.1 38,000 

22,651 1.116 48,613 590.2 592.1 0 

Notes: (1) The reported volume for h e  full size lRCA WBS calculated for the IRCA Containment elevation. For Stages I through HI, the reported volume was m1adated assuming that the IRCA 

(2) Tha r e w e d  elevetlon eonespands to 0.5 I7 of freeboard. 
(3) V d w  d Impeded Materiel are Wmates for information purposes only. the contredw &add p d m  a detailed 

quantity cablation should exad quantities be required. The computaliom can be found in Attachment A4.  

Containment Elevation we8 592 I! whlch is 0.1 fl 1859 than VH) actual containment elevaUon. 
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Figure 1 - Full Size IRCA (Not to Scale) 
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Figure 2 - Stage I (Not to Scale) 
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Figure 3 - Stage I1 (Not to Scale) 
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Minimum Cell 8 Impacted Runoff Catchment Area (IRCA) Containment 
Volume Requirements'') 

0 5o.m 100,000 150,OOO 200.000 

Mlnimum Reguired IRCA Contalnment Volume (cf) 

Notes: I" Minbnum required IRCA mtainmEfl! volumes mrrespond lo eslimated runoff hum cell area discharging 
Io IRCA as ccinpuled using HydroCAD. 

(') Cell area discharging to IRCA indudes area d IRCA. 
I" Stages shown are as indicated on construction drawings. 

Figure 5 - Design Chart for Sizing IRCA 
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Cell 8Expand-Stage0 
Prepared by GeoSyntec Consultants 
HydroCAD@ 6.00 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Type II 24-hr Rainfall=4.70" 
Page 1 

12/10/2004 

Time span=0.00-20.00 hrs, dt=O.Ol hrs, 2001 points 
Runoff by SCS TR-20 method, UH=SCS, Type I 1  24-hr Rainfall=4.70" 

Reach routing by Stor-lnd+Trans method - Pond routing by Stor-lnd method 

3 
Subcatchment A: Area A 

Tc=3.0 rnin CN=91 Area=3.080 ac Runoff= 20.77 cfs 0.891 af 

Subcatchment 6: Area 6 
Tc=3.9 min CN=91 Area=3.390 ac Runoff= 22.22 cfs 0.980 af 

Subcatchment C: Area C 
Tc=2.7 min CN=91 Area=l.570 ac Runoff= 10.69 cfs 0.454 af 

Subcatchment 0: Area D 
Tc=3.1 rnin CN=91 Area=3.470 ac Runoff= 23.34 cfs 1.004 af 

Subcatchment E: Area E 
Tc=2.5 min CN=91 Area=0.885 ac Runoff= 6.07 cfs 0.256 af 

Subcatchment F: Area F 
Tc=l.l min CN=91 Area=2.410 ac Runoff= 17.21 cfs 0.697 af 

Subcatchment Pond: Pond Area 
Tc=O.O min CN=100 Area=2.020 ac Runoff= 16.15 cfs 0.753 af 

Inflow= 20.77 cfs 0.891 af 
Length= 637.0' Max Vel= 4.3 fps Capacity= 923.30 cfs Outflow= 19.32 cfs 0.888 af 

Reach 1R: Channel B 

Reach 2R: Channel C Inflow= 38.75 cfs 1.869 af 
Length= 442.0' Max Vel= 6.4 fps Capacity= 1,236.14 cfs Oufflow= 38.20 cfs I .866 af 

Reach 3R: Channel E Inflow= 23.34 cfs 1.004 af 
Length= 234.0' Max Vel= 4.5 fps Capacity= 921.1 3 cfs Oufflow= 22.93 cfs 1.003 af 

Reach 4R: Dummy Reach Inflow= 45.21 cfs 2.320 af 
Outflow= 45.21 cfs 2.320 af 

Reach 5R: Dummy Reach 

Pond IRCA. Detention Pond 

Inflow= 28.29 cfs 1.259 af 
Outflow= 28.29 cfs 1.259 af 

Peak Storage= 5.029 af Inflow= 95.09 d s  5.029 af 
Outflow= 0.00 cfs 0.000 af 

Runoff Area = 16.825 ac Volume = 5.036 af Average Depth = 3.59" 

I 3 b 8  



Cell 8Expand-Stage0 
Prepared by GeoSyntec Consultants 

Type I1 24-hr Rainfall=#. 70" 
Page 2 

HydroCAD@ 6.00 s/n 000929 0 1966-2001 Applied Microcomputer Systems 12/10/2004 

Subcatchment A: Area A 

Runoff = 20.77 cfs @ 11.93 hrs, Volume= 0.891 af 

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 
Type II 24-hr Rainfall=4.70" 

Area (ac) CN Description 
3.080 91 Total Sideslope Area A 

Tc Length Slope Velocity Capacity Description 

0.9 89 0.0500 1.7 Sheet Flow, Segment A-t 

0.1 11 0.1000 1.5 Sheet Flow, Segment A-2 

0.2 47 0.1000 5.1 Shallow Concentrated Flow, Segment A-3 

0.4 167 0.1670 6.6 Shallow Concentrated Flow, Segment A 4  

1.4 400 0.0056 4.8 24.18 TrapNeelRect Channel Flow, Channel A 

3.0 714 Total 

(min) (feet) (Wft) (Wsec) (cfs) 

Smooth surfaces n= 0.01 1 P2= 2.55" 

Smooth surfaces n= 0.01 1 P2= 2.55" 

Unpaved Kv= 16.1 fps 

Unpaved Kv= 16.1 fps 

Bot.W=O.OO' D=1.50' Z= 1.5 & 3.0 '/' n= 0.018 

Subcatchment A: Area A 
Hydrograph Plot 

. . .  . . . ,  . . . . . . .  .. .. . . . . . .  . . . . . . . . , 

Time (hours) 



Cell 8Expand-Stage0 
Prepared by GeoSyntec Consultants 
HydroCAW 6.00 sln 000929 0 1986-2001 Applied Microcomputer Systems 

Type II 24-hr Rainfall=4.70" 
Page 3 

12/10/2004 

Subcatchment B: Area B 
3 

Runoff = 22.22 cfs @ 11.95 hrs, Volume= 0.980 af 

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 
Type II 24-hr Rainfall=4.70" 

Area (ac) CN Description 
3.390 91 

Tc Length Slope Velocity Capacity Description 

0.8 88 0.0500 1.7 Sheet Flow, Segment B-1 

0.1 12 0.1000 1.5 Sheet Flow, Segment B-2 

0.2 46 0.1000 5.1 Shallow Concentrated Flow, Segment B-3 

0.4 166 0.1670 6.6 Shallow Concentrated Flow, Segment 8.4 

2.4 637 0.0050 4.5 22.85 TrapNeelRect Channel Flow, Channel B 

3.9 949 Total 

(min) (feet) (ft/ft) (ftlsec) (cfs) 

Smooth surfaces n= 0.01 1 P2= 2.55" 

Smooth surfaces n= 0.01 1 P2= 2.55" 

Unpaved Kv= 16.1 fps 

Unpaved Kv= 16.1 fps 

Bot.W=O.OO' D=l.50' Z= 1.5 & 3.0 'I' n= 0.01 8 

Subcatchment B: Area B 
Hydrograph Plot 

flme (hours) 
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Cell 8Expand-Stage0 
Prepared by GeoSyntec Consultants 
HydroCAIXI 6.00 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Type /I 24-hr Rainfall=4.70" 
Page 4 

12/10/2004 

Subcatchment C: Area C 

Runoff = 10.69 cfs @ 11.93 hrs, Volume= 0.454 af 

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 
Type II 24-hr Rainfall=4.70" 

Area (ac) CN Description 
1.570 91 

Tc Length Slope Velocity Capacity Description 

0.5 41 0.0500 1.5 Sheet Flow, Segment C-1 

0.5 59 0.1000 2.1 Sheet Flow, Segment C-2 

0.0 2 0.0100 1.6 Shallow Concentrated Flow, Segment C-3 

0.5 192 0.1670 6.6 Shallow Concentrated Flow, Segment C-4 

1.2 442 0.0090 6.1 30.65 TrapNeelRect Channel Flow, Channel C 

2.7 736 Total 

(min) (feet) (Wft) (Wsec) (cfs) 

Smooth surfaces n= 0.01 1 P2= 2.55" 

Smooth surfaces n= 0.01 1 P2= 2.55" 

Unpaved Kv= 16.1 fps 

Unpaved Kv= 16.1 fps 

Bot.W=O.OO' D=l.50' Z= 1.5 & 3.0 '1' n= 0.01 8 

Subcatchment C: Area C 
Hydrograph Plot 

Y 
. ! .  

. . : . .  

11 

10 

9 

8 

- 7  P 
2 

6 

= 5  

. . .  - . . . . . . . . . . . . . . . . . . . .  

. . .  . . . . .  

B 

. . .  . . . . . . .  -. .......... ._ . . . . . . . . . . . .  
4 

3 

2 

1 

0 

. . . .  . . . . .  

. . . .  . . . . .  

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 2J 
Tlme (hours) 



Cell 8Expand-Stage0 
Prepared by GeoSyntec Consultants 

Type I1 24-hr Rainfall=4.70" 
Page 5 

HydroCAW 6.00 s/n 000929 0 1986-2001 Applied Microcomputer Systems 12/10/2004 

Subcatchment D: Area D 

Runoff = 23.34 cfs @ 11.94 hrs, Volume= 1.004 af 

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 
Type II 24-hr Rainfall=4.70" 

Area (ac) CN Description 
3.470 91 Total Area 

Tc Length Slope Velocity Capacity Description 

0.9 89 0.0500 1.7 Sheet Flow, Segment D-1 

0.1 11 0.1000 1.5 Sheet Flow, Segment D-2 

0.2 47 0.1000 5.1 Shallow Concentrated Flow, Segment D-3 

0.5 209 0.1670 6.6 Shallow Concentrated Flow, Segment D-4 

1.4 400 0.0056 4.8 24.18 TrapNeelRect Channel Flow, Channel D 

3.1 756 Total 

(min) (feet) (ft/ft) (Wsec) (CfS) 

Smooth surfaces n= 0.01 1 P2= 2.55" 

Smooth surfaces n= 0.01 1 P2= 2.55" 

Unpaved Kv= 16.1 fps 

Unpaved Kv= 16.1 fps 

Bot.W=O.OO' D=1.50' Z= 3.0 & 1.5 I/' n= 0.018 

Subcatchment D: Area D 



Cell 8Expand-Stage0 
Prepared by GeoSyntec Consultants 
HydroCAm 6.00 sln 000929 0 1986-2001 Applied Microcomputer Systems 

Type II 24-hr Rainfall=4.70" 
Page 6 

I 211 012004 

Subcatchment E: Area E 

Runoff = 6.07 cfs @ 11.93 hrs, Volume= 0.256 af 

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 
Type II 24-hr Rainfall=4.70" 

Area (ac) CN Description 
0.885 91 

Tc Length Slope Velocity Capacity Description 

0.8 88 0.0500 1.7 Sheet Flow, Segment E-1 

0.1 12 0.1000 1.5 Sheet Flow, Segment E-2 

0.2 46 0.1000 5.1 Shallow Concentrated Flow, Segment E-3 

0.5 209 0.1670 6.6 Shallow Concentrated Flow, Segment E-4 

0.9 234 0.0050 4.5 22.85 TrapNeelRect Channel Flow, Channel E 

(min) (feet) (ft/tt) (Wsec) (cfs) 

Smooth surfaces n= 0.01 1 P2= 2.55" 

Smooth surfaces n= 0.01 I P2= 2.55" 

Unpaved Kv= 16.1 fps 

Unpaved Kv= 16.1 fps 

Bot.W=O.OO' D=1.50' Z= 3.0 & 4.5 '/I n= 0.01 8 
2.5 

6- 

5- ' 

- 4- 2 -  
0 - 
B 3 : .  
y. 

2- 

1- 

0- 4 
0 

589 Total 

Subcatchment E: Area E 
Hydrograph Plot 

1 2 3 4 5 6 7 6 9 10 1.1 12 13 14 15 16 17 18 19 20 
Time (hours) 
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Prepared by GeoSyntec Consultants 
HydroCAW 6.00 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Type I I  24-hr Rainfall=$. 70" 
Page 7 

12/10/2004 

Subcatchment F: Area F 
3 

[49] Hint: Tcc2dt may require smaller dt 

Runoff = 17.21 cfs @ 11.91 hrs, Volume= 0.697 af 

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 
Type II 24-hr Rainfall=4.70 

Area (ac) CN Description 
2.410 91 Total Area 

Tc Length Slope Velocity Capacity Description 

0.5 48 0.0500 1.5 Sheet Flow, Segment F-I 

0.3 52 0.2900 3.1 Sheet Flow, Segment F-2 

0.3 137 0.2900 8.7 Shallow Concentrated Flow, Segment F-3 

1 .I 237 Total 

(min) (feet) (Wft) (Wsec) (cfs) 

Smooth surfaces n= 0.01 I P2= 2.55" 

Smooth surfaces n= 0.01 1 P2= 2.55" 

Unpaved Kv= 16.1 fps 

Subcatchment F: Area F 
Hydrograph Plot 

. . . .  
. .  . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  ........... . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  . .  _ _ I . .  i - 

.- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . .  _. . - . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . .  - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Time (hours) 
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Subcatchment Pond: Pond Area 

[46] Hint: Tc=O (Instant runoff peak depends on dt) 

Runoff = 16.15 cfs @ 11.90 hrs, Volume= 0.753 af 

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 
Type ll 24-hr Rainfall=4.70" 

Area (ac) CN Description 
2.020 100 Pond Area 

Subcatchment Pond: Pond Area 
Hydrograph Plot 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

, : .  

. . . . . . . . . . . . . . . . . . . . . .  

Time (hours) 
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HydroCADcii, 6.00 sln 000929 0 1986-2001 Applied Microcomputer Systems 12/10/2004 

Reach IR: Channel B 

Inflow = 20.77 cfs @ 11.93 hrs, Volume= 0.891 af 
Outflow = 19.32 cfs @ 12.00 hrs, Volume= 0.888 af, Atten= 7%, Lag= 3.8 min 

Routing by Stor-lnd+Trans method, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 
Max. Velocity= 4.3 fps, Min. Travel Time= 2.4 rnin 
Avg. Velocity = 1.5 fps, Avg. Travel Time= 6.9 min 

Peak Depth= 1.41' 
Capacity at bank full= 923.30 cfs 
Inlet Invert= 603.00', Outlet Invert= 599.80' 
0.00' x 6.00' deep channel, n= 0.018 Length= 637.0' Slope= 0.0050 '/' 
Side Slope 2-value= 1.5 3.0 '/' 

Reach IR: Channel B 
Hydrograph Plot 

. .  
. . . . . . . . . . . . . . . . . . . . . .  . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  

. . . . .  
20.77 cfs 

. <  . .  , .  

' , . -. " '. . . .  . ,  
. .  
, .  

2 

0 

l ime (hours) 
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Reach 2R: Channel C 
3 

(611 Hint: Submerged 51% of Reach 1R bottom 

Inflow = 38.75 cfs @ i 1.96 hrs, Volume= I .869 af 
Outflow = 38.20 cfs @ 12.00 hrs, Volume= 1.866 af, Atten= 1 %, Lag= 2.0 min 

Routing by Stor-lnd+Trans method, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 
Max. Velocity= 6.4 fps, Min. Travel Time= 1.2 rnin 
Avg. Velocity = 2.3 fps, Avg. Travel Time= 3.2 min 

Peak Depth= 1.63' 
Capacity at bank full= 1,236.14 cfs 
Inlet Invert= 599.80', Outlet Invert= 595.82' 
0.00' x 6.00' deep channel, n= 0.01 8 Length= 442.0' Slope= 0.0090 '/' 
Side Slope Z-value= 1.5 3.0 '/' 

Reach 2R: Channel C 
Hydrograph Plot 

Tlme (hours) 



Cell 8Expand-Stage0 Type 1124-hr Rainfall=4.70” 
Prepared by GeoSyntec Consultants Page 11 
HydroCADG3 6.00 s/n 000929 0 1986-2001 Applied Microcomputer Systems 12/1 OE004 3 Reach 3R: Channel E 

Inflow = 23.34 cfs @ 11.94 hrs, Volume= 1.004 af 
Outflow = 22.93 cfs @ 11.96 hrs, Volume= 1.003 af, Atten= 2%, Lag= 1.4 min 

Routing by Stor-lnd+Trans method, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 
Max. Velocity= 4.5 fps, Min. Travel Time= 0.9 min 
Avg. Velocity = 1.6 fps, Avg. Travel Time= 2.5 min 

Peak Depth= 1.50 
Capacity at bank full= 921 . I3  cfs 
Inlet tnvert= 595.97’, Outlet Invert= 594.80’ 
0.00‘ x 6.00’ deep channel, n= 0.018 Length= 234.0’ Slope= 0.0050 ’/’ 
Side Slope Z-value= 3.0 1.5 ’I’ 

Reach 3R: Channel E 
Hydrograph Plot 

. .  

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
l ime (hours) 

V 
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Reach 4R: Dummy Reach 

[40] Hint: Not Described (Oufflow=lnflow) 

Inflow 
Chclnne)  c 

@ 11.98 hrs, Volume= 
@ 11.98 hrs, Volume= 

2.320 af 
2.320 af, Atten= 0%, Lag= 0.0 min 

Routing by Stor-lnd+Trans method, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 

Reach 4R: Dummy Reach 
Hydrograph Plot 

. .  . . ., . .. ,. .. . .. .. .. .. .. . I  . .. .. .. .. ., .. . . .. .. .. . I  - ... - .. - .. . . ... .. L. . ., .. .. .. ... .. .. ... .. . _. .. ., .. ., . _i _. .. . ._ . , . . .  

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
Time (hours) 
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Reach 5R: Dummy Reach 
3 

[40] Hint: Not Described (OuMow=lnflowJ 
C h n n n . e \  Ir 

Inflow = @ 11.95 hrs, Volume= 1.259 af 
Outflow = @ 11.95 hrs, Volume= 1.259 af, Atten= 0%, Lag= 0.0 min 

Routing by Stor-lnd+Trans method, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 

Reach 5R: Dummy Reach 
Hydrograph Plot 

n a 

Tlme (hours) 
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1 2/10/2004 

Pond IRCA: Detention Pond 

Inflow = 95.09 cfs @ 1 I .93 hrs, Volume= 5.029 af 
outflow = 0.00 cfs @ 0.00 hrs, Volume= 0.000 af, Atten= loo%, Lag= 0.0 min 

Routing by Stor-lnd method, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 

Peak €lev= 591.83’ Storage= 5.029 af 
Plug-Flow detention time= (not calculated) 
Storage and wetted areas determined by Prismatic sections 

Elevation Surf.Area Inc.Store Cum.Store 
(feet) (acres) (acre-feet) (acre-feet1 

586.00 
587.00 
588.00 
589.00 
590.00 
591 .OO 
592.00 

0.035 0.000 0.000 
0.298 0.166 0.166 
0.629 0.464 0.630 
0.889 0.759 1.389 
1.157 1.023 2.412 
1.441 I .299 3 . 7 1 1 d  59\.9 = 5 . \ s c F  
I .730 1.586 5.297 27 22“), 334 

Pond IRCA: Detention Pond 
Hydrograph Plot 

m 

i.3: 
Time (hours) 

3 



YNTEC CONSTJLTANTS 
Written by: Tamnra E. ZettJer Date: 12/35/2004 Reviewed by: Date: 

Client: Fluor Fernald. h e .  Project:- OSDF Phase IV FkojortNo.: 603309 Task No.:B 

STAGE I CALCULATION 
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Page 1 
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Time span=0.00-20.00 hrs, dt=O.Ol hrs, 2001 points 
Runoff by SCS TR-20 method, UH=SCS, Type II 24-hr Rainfall=4.70" 

Reach routing by Stor-lnd+Trans method - Pond routing by Stor-lnd method 

3 
Subcatchment A: Area A 

Tc=l.6 rnin CN=91 Area=2.980 ac Runoff= 21.01 cfs 0.862 af 

Subcatchment B: Area B 
Tc=4.4 rnin CN=91 Area=1.960 ac Runofk 12.64 cfs 0.567 af 

Subcatchment C: Area C 
Tc=l.7 min CN=91 Area=0.220 ac Runoff= 1.55 cfs 0.064 af 

Subcatchment P: Pond Area 
Tc=O.O min CN=100 Area=0.734 ac Runoff= 5.87 cfs 0.274 af 

Reach DR1: Dummy Reach 

Reach DRZ: Dummy Reach 

Pond IRCA: Detention Pond 3 

Inflow= 1.55 cfs 0.064 af 
Outflow= 1.55 cfs 0.064 af 

Inflow= 12.64 cfs 0.567 af 
Outflow= 12.64 cfs 0.567 af 

Peak Storage= 1.766 af Inflow= 38.99 cfs 1.766 af 
Outflow 0.00 cfs 0.000 af 

Runoff Area = 5.894 ac Volume = 1.766 af Average Depth = 3.60" 

2- =Fb,q2?c+= 
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Subcatchment A: Area A 

Runoff = 21.01 cfs @ 11.92 hrs, Volume= 0.862 af 

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 
Type II 24-hr Rainfall=4.70" 

Area (ac) CN Description 
2.980 91 Total Sideslope Area A 

Tc Length Slope Velocity Capacity Description 

0.5 I00  0.2900 3.6 Sheet Flow, Segment A-1 

0.1 35 0.2900 8.7 Shallow Concentrated Flow, Segment A-2 

1 .o 173 0.0300 2.8 Shallow Concentrated Flow, Segment A-3 

0.0 18 0.2900 8.7 Shallow Concentrated Flow, Segment A 4  

1.6 326 Total 

(min) (feet) (Wft) (Wsec) (cfs) 

Smooth surfaces n= 0.01 3 P2= 2.55" 

Unpaved Kv= 16.1 fps 

Unpaved Kv= 16.1 fps 

Unpaved Kv= 16.1 fps 

Subcatchment A: Area A 

Y 
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HydroCADGO 6.00 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Type It 24-hr Rainfall=4.70" 
Page 3 

1211 012004 

Subcatchment B: Area B 
3 

Runoff = 12.64 cfs @ 11.95 hrs, Volume= 0.567 af 

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 
Type II 24-hr Rainfall=4.70" 

Area (ac) CN Description 
1.960 91 Total Area 

Tc Length Slope Velocity Capacity Description 

0.5 100 0.2900 3.6 Sheet Flow, Segment B-1 

0.1 35 0.2900 8.7 Shallow Concentrated Flow, Segment B-3 

1 .o 159 0.0300 2.8 Shallow Concentrated Flow, Segment B-3 

0.9 86 0.0100 1.6 Shallow Concentrated Ftow, Segment 8-4 

0 .o 7 0.3300 9.2 Shallow Concentrated Flow, Segment B-5 

1.9 268 0.0060 2.4 1.34 TtapNeelRect Channel Flow, Channel B 

(min) (feet) (WR) (Wsec) (cfs) 

Smooth surfaces n= 0.01 1 P2= 2.55" 

Unpaved Kv= 16.1 fps 

Unpaved Kv= 16.1 fps 

Unpaved Kv= 16.1 fps 

Unpaved Kv= 16.1 fps 

Bot.W=O.OO' D=0.50' Z= 3.0 & 1.5 'I' n= 0.018 3 4.4 655 Total 

14 

13 

12 

11 

10 

9' 

0 

Subcatchment B: Area B 
Hydrograph Plot 

. . . . . . . . . . . . . . . .  i ...... I . z . . .  . . . . . . . . . . . . . .  .:. . . . . . . . . . . . .  - ...... - ........ . . . . . . .  
! !  . . . .  . .  . .  

. . . . .  
; : :  : !  

. . . . . . . . .  
. . . .  

, I . .  
$ : :  

: : :  

. . .  . . .  

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 I 8  19 20 
Time (hours) 



5845 
Cell 8Expand-Stagel 
Prepared by GeoSyntec Consultants 
HydroCAW 6.00 sln 000929 0 1986-2001 Applied Microcomputer Systems 

Type II 24-hr Rainfa/l=4.70" 
Page 4 

12/10/2004 

Subcatchment C: Area C 

Runoff = 1.55 cfs @ 11.92 hrs, Volume= 0.064 af 

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 
Type I 1  24-hr Rainfall=4.70" 

Area (ac) CN Description 
0.220 91 Total Area 

Tc Length Slope Velocity Capacity Description 

0.3 60 0.3300 3.4 Sheet Flow, Segment C-1 

0.4 27 0.0300 1 .I Sheet Flow, Segment C-2 

0.4 13 0.0100 0.6 Sheet Flow, Segment C-3 

0.6 58 0.0100 1.6 Shallow Concentrated Flow, Segment C-4 

1.7 158 Total 

(min) (feet) (Wft) (Wsec) (cfs) 

Smooth surfaces n= 0.01 1 P2= 2.55" 

Smooth surfaces n= 0.01 1 P2= 2.55" 

Smooth surfaces n= 0.01 1 P2= 2.55 

Unpaved Kv= 16.1 fps 

li 

1 
Y 

B z 

0 

Subcatchment C: Area C 
Hydrograph Plot 

. , . .  

Tlme (hours) 



Cell 8Expand-Stagel 
Prepared by GeoSyntec Consultants 

Type II 24-hr Rainfall=4. 70“ 
Page 5 

HydroCAW 6.00 s/n 000929 0 1986-2001 Applied Microcomputer Systems 12/10/2004 

Subcatchment P: Pond Area 
3 

[46] Hint: Tc=O (Instant runoff peak depends on dt) 

Runoff = 5.87 cfs @ 11.90 hrs, Volume= 0.274 af 

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-20.00 his, dt= 0.01 hrs 
Type I t  24-hr Rainfall=4.70” 

Area (ac) CN Description 
0.734 100 Pond Area 

Subcatchment P: Pond Area 
Hydrograph Plot 

Y 8 3  ~ 

ii 

2 

. . .  

I 5.87 cfs I 

.. . 

. .. . 

. .. 

.. . .. .. - _ .  

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
Time (hours) 



Cell 8Expand-Stagel 
Prepared by GeoSyntec Consultants 

Type I1 24-hr Rainfall=4.70" 
Page 6 

HydroCAW 6.00 s/n 000929 0 1986-2001 Applied Microcomputer Systems 12/10/2004 3 Reach DRI: Dummy Reach 

[40] Hint: Not Described (Outflow=lnflow) 

I nff ow - - 1.55 cfs @ 11.92 hrs, Volume= 0.064 af 
outflow = 1.55 cfs @ 11.92 hrs, Volume= 0.064 af, Atten= 0%, Lag= 0.0 min 

Routing by Stor-lnd+Trans method, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 

0 

Reach DRI: Dummy Reach 
Hydrograph Plot 

. .  

. .  

. . . .  . . . . . . . . . . . . . . . . . .  . . .  .. ............. - . . . . . . . . . . . . . . . . . .  _. . . . . .  ._ * .  :... 
: .  

. .  

. .  

. .  

. .  

. .  
: :  
. .  . .  . .  

~ 'm  I O U f f l O W  

0 1 2 3 4 5 6 7 6 9 10 11 12 13 14 15 16 17 18 .1'9 20 
Time (hours) 



Cell 8Expand-Stagel 
Prepared by GeoSyntec Consultants 
HydroCAW 6.00 sln 000929 0 1986-2001 Applied Microcomputer Systems 

Type II 24-hi Rainfall=4.70" 
Page 7 

12/10/2004 

Reach DR2: Dummy Reach 
3 

[40] Hint: Not Described (Oufflow=lnflow) 

Inflow = 12.64 cfs @ 1 1.95 hrs, Volume= 0.567 af 
Outflow = 12.64 cfs @ 11.95 hrs, Volume= 0.567 af, Atten= O%, Lag= 0.0 min 

Routing by Stor-lnd+Trans method, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 

Reach DR2: Dummy Reach 
Hydrograph Plot 

. . . .  I ........................ :.. . . . . . . . . . . . . . . . . . . .  : - -  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ............. 
I .  : : :  

. . . . . . .  - . 

. . . . . . . . .  

...... -. . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  < . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. .  

. .  - . . . . . . . . . . . . . . . . . . . . . . . . .  . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
flme (hours) 

Y 



Cell 8ExpandStagel 
Prepared by GeoSyntec Consultants 
HydroCAW 6.00 sln 000929 0 1986-2001 Applied Microcomputer Systems 

Type I! 24-hr Rainfall=4.70" 
Page 8 

12/10/2004 3 Pond IRCA: Detention Pond 

Inflow = 38.99 cfs @ 11.92 hrs, Volume= 1.766 af . 
outflow = 0.00 cfs @ 0.00 hrs, Volume= 0.000 af, Atten= loo%, Lag= 0.0 min 

Routing by Stor-lnd method, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 

Peak Elev= 591.41' Storage= I .766 af 
Plug-Flow detention time= (not calculated) 
Storage and wetted areas determined by Prismatic sections 

Elevation 
(feet) 

586.00 
587.00 
588.00 
589.00 
590.00 
591 .OO 
592.00 

Surf. Area 
(acres) 

0.035 
0.147 
0.244 
0.358 
0.482 
0.554 
0.622 

Inc.Store Cum.Store 
(acre-feet) (acre-feet) 

0.000 0.000 
0.091 0.091 
0.1 95 0.286 
0.301 0.588 
0.420 1.007 
0.51 8 1.526 
0.588 2.113 

Pond IRCA: Detention Pond 
-I.- 9z,0L\z-w3 

Hydrograph Plot 
1 

Time (hours) 
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P 
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Drainage Diagram for Cell 8Expand-Stagell 
Prepared by GeoSyntec Consultants 12/14/2004 

HydroCADO 6.00 sln 000929 0 1986-2001 Applied Microcomputer Systems 



Cell 8Expand-Stagell 
Prepared by GeoSyntec Consultants 
HydroCAW 6.00 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Type II 24-hr Rainfall=4.70" 
Page 1 

12/14/2004 

Time span=0.00-20.00 hrs, dt=O.Ol hrs, 2001 points 
Runoff by SCS TR-20 method, UH=SCS, Type II 24-hr Rainfall=4.70" 

Reach routing by Stor-lnd+Trans method - Pond routing by Stor-lnd method 

3 
Subcatchment A: Area A 

Subcatchment B: Area B 

Subcatchment C: Area C 

Tc=0.8 min CN=91 Area=1.760 ac Runoff= 12.71 cfs 0.509 af 

Tc=3.4 min CN=91 Area=0.820 ac Runoff= 5.46 cfs 0.237 af 

I 

Tc=1.2 min CN=91 Area=O.115 ac Runoff= 0.82 cfs 0.033 af 

Subcatchment P: Pond Area 
Tc=O.O min CN=100 Area=0.734 ac Runoff= 5.87 cfs 0.274 af 

Reach DR1: Dummy Reach 

Reach DR2: Dummy Reach 

Pond IRCA: Detention Pond 

3 

Inflow= 0.82 cfs 0.033 af 
Outflow= 0.82 cfs 0.033 af 

Inflow= 5.46 cfs 0.237 af 
Outflow= 5.46 cfs 0.237 af 

Peak Storage= 1.053 af Inflow= 23.94 cfs 1.053 af 
Outflow= 0.00 cfs 0.000 af 

Runoff Area = 3.429 ac Volume = 1.053 af Average Depth = 3.69" 



Cell 8Expand-Stagell 
Prepared by GeoSyntec Consultants 
HydroCADQ 6.00 sln 000929 0 1986-2001 Applied Microcomputer Systems 

Type I/ 24-hr Rainfa/l=4.70" 
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1 211 412004 

Subcatchment A: Area A 
3 

[49] Hint: Tc<2dt may require smaller dt 

Runoff = 12.71 cfs @ 11.91 hrs, Volume= 0.509 af 

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 
Type II 24-hr Rainfall=4.70" 

Area (ac) CN Description 
1.760 91 Total Sideslope Area A 

Tc Length Slope Velocity Capacity Description 

0.4 100 0.3300 3.8 Sheet Flow, Segment A- I  

0.0 2 0.3300 9.2 Shallow Concentrated Flow, Segment A-2 

0.4 69 0.0300 2.8 Shallow Concentrated Flow, Segment A-3 

0.0 17 0.2900 8.7 Shallow Concentrated Flow, Segment A 4  

(min) (feet) (Wft) (Wsec) (cfs) 

Smooth surfaces n= 0.01 1 P2= 2.55" 

Unpaved Kv= 16.1 fps 

Unpaved Kv= 16.1 fps 

Unpaved Kv= 16.1 fps 

Y 
0.8 

14 

13 

12 

11 

10 

9 

IP v 

7 

E 6  

5 

4 

3 

2 

1 

0 

$ 

0 

188 Total, 

Subcatchment A: Area A 
Hydrograph Plot 

: / ; : :  . .  . .  . . .  . . . .. ., , . .. .. .. .. . ... .. .. ... .. .. - .. .. ... .. .. ., .. .. . . .. . .. .. .- .. .. .. .. .. - , .. .. . .. . . . . , . . .. .. .. , .. .. .. .. .. , . _ _  ._ .. _. 

, .. .. , _ _ _ _ , . . . . , _ _ . _ , _ _ _ _ ( _ _ . . , .  - . . , - . - - . -  . . . , . . .  . , . . .  - ........................... . ..,...., . ..., 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

Time (hours) 
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Prepared by GeoSyntec Consultants 
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Type I1 24-hr Rainfall=4.70" 
Page 3 

12/14/2004 

Subcatchment B: Area B 
3 

Runoff = 5.46 cfs @ 11.94 hrs, Volume= 0.237 af 

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 
Type II 24-hr Rainfall=4.70" 

Area (ac) CN Description 
0.820 91 Total Area 

Tc Length Slope Velocity Capacity Description 

0.4 88 0.3300 3.7 Sheet Flow, Segment B-1 

0.2 12 0.0300 0.9 Sheet Flow, Segment 8-2 

0.4 65 0.0300 2.8 Shallow Concentrated Flow, Segment 8-3 

0.9 86 0.0100 1.6 Shallow Concentrated Flow, Segment B-4 

0.0 7 0.3300 9.2 Shallow Concentrated Flow, Segment .B-5 

1.5 195 0.0050 2.2 1.22 TrapNeelRect Channel Flow, Channel 6 

(min) (feet) (Wft) (Wsec) (cfs) 

Smooth surfaces n= 0.01 1 P2= 2.55" 

Smooth surfaces n= 0.01 1 P2= 2.55 

Unpaved Kv= 16.1 fps 

Unpaved Kv= 16.1 fps 

Unpaved Kv= 16.1 fps 

BotIW=O.OO' D=0.50' Z= 1.5 & 3.0 II' n= 0.01 8 13 3.4 453 Total 

Subcatchment B: Area B 
Hvdronraoh Plot 

6 

5 

4 

3 3  
0 
E 

2 

1 

0 

. . . .  . . . . . .  . .. . . . . ,  . . .  . . . .  . . . .  . . . . . . . . . . .  .. 

9-GiG-a 

Time (hours) 
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Cell 8Expand-Stagell 
Prepared by GeoSyntec Consultants 
HydroCAW 6.00 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Type I /  24-hr RainfaIl=4.70" 
Page 4 

12/14/2004 

Subcatchment C: Area C 

Runoff = 0.82 cfs @ 11 -91 hrs, Volume= 0.033 af 

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 
Type II 24-hr Rainfall=4.70" 

Area (ac) CN Description 
0.115 91 Total Area 

Tc Length Slope Velocity Capacity Description 

0.2 46 0.3300 3.2 Sheet Flow, Segment C-1 

0.9 41 0.0100 0.8 Sheet Flow, Segment C-2 

0.1 13 0.2900 2.4 Sheet Flow, Segment C-3 

0.0 4 0.2900 8.7 Shallow Concentrated Flow, Segment C-4 

1.2 104 Total 

(min) (feet) (ft/ft) (ft/sec) (cfs) 

Smooth surfaces n= 0.01 1 P2= 2.55" 

Smooth surfaces n= 0.01 1 P2= 2.55" 

Smooth surfaces n= 0.01 1 P2= 2.55" 

Unpaved Kv= 16.1 fps 

0.9 
0.85 
0.8 

0.75 
0.7 

0.65 
0.6 

Y 

8 CI O i Z  

g 0*45 E 0.4 
0.35 
0.3 

0.25 
0.2 

0.15 
0.1 

0.05 
0 

0 

Subcatchment C: Area C 
Hydrograph Plot 

: >  . .  . .  . .  . .  
. . :  , I  ... . .. .. . .. . . .. .. .. .. - . - .. .. - - .. . .. .. - .. .. .. _. .. .. . .. - . - .. _. - - ... . . . .. . .. .. .. . ._ _ _  .. .. . . .  

Tlme (hours) 



Cell 8Expand-Stagell 
Prepared by GeoSyntec Consultants 

Type II 24-hr Rainfall=4.70" 
Page 5 

HydroCAW 6.00 sln 000929 0 1986-2001 Applied Microcomputer Systems 12/14/2004 3 Subcatchment P: Pond Area 

(461 Hint: Tc=O (Instant runoff peak depends on dt) 

Runoff = 5.87 cfs @ 11-90 hrs, Volume= 0.274 af 

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 
Type It 24-hr Rainfall=4.70" 

Area (ac) CN Description 
0.734 100 Pond Area 

Subcatchment P: Pond Area 
Hydrograph Plot 

6 

4 

$ 1 E B 3  

2 

1 

(I 

.: . . . . . . . .  . : .  . .  - . . . . . . . . . . . .  , . . . . . . . . . . . . . . . . . . . . . .  - . . . . . . . . . .  

. . . . .  . /.. . . . . . . . . . . / . . . . . . . . . . . .  _ _  
I 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. .  

. . .  

i 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
Time (hours) 
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HydroCADO 6.00 sln 000929 0 1986-2001 Applied Microcomputer Systems 12/14/2004 

Reach DRI: Dummy Reach 

[40) Hint: Not Described (Oufflow=lnflow) 

Inflow - 0.82 cfs @ 11.91 hrs, Volume= 0.033 af 
oufflow = 0.82 cfs @ 11.91 hrs, Volume= 0.033 af, Atten= 0%, Lag= 0.0 rnin 

Routing by Stor-lnd+Trans method, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 

- 

Reach DR1: Dummy Reach 
Hydrograph Plot 

. .  . . .  . .  . . .  
, .  .. - . .. .. . .. . .. .. . .. . .. ... . - . . .. .. .. .. . . .. - . - .. . - ... . .. .. . . .. . .. , .. .. . .. .. . , . . - . .. - . .. . .. .. . .  . .  . .  . . .  

. .  

.. . .. .. 

.. . . 

0 1 2 3 4 5 6 ' 7  8 9 1 0 . 1 . 1  12 13 14 is 16 17 18 i 9  20 
Time (hours) 



E”;L 58“”; 
Celt 8Expand-Stagell 
Prepared by GeoSyntec Consuftants 
HydroCAD@ 6.00 sln 000929 0 1986-2001 Applied Microcomputer Systems 3 Reach DR2: Dummy Reach 

Type I1 24-hi Rainfall=$. 70” 
Page 7 

12/14/2004 

[40] Hint: Not Described (Oufflow=lnflow) 

5.46 cfs @ I 1  -94 hrs, Volume= 0.237 af - Inflow 
outflow = 5.46 cfs @ 11 -94 hrs, Volume= 0.237 af, Atten= 0%, Lag= 0.0 min 

Routing by Stor-lnd+Trans method, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 

Reach DR2: Dummy Reach 
Hydrograph Plot 

Time (hours) 



Cell 8Expand-Stagell 
Prepared by GeoSyntec Consultants 
HvdroCADB 6.00 s/n 000929 0 1986-2001 Applied MicrocomDuter Svstems 

Pond IRCA: Detention Pond 

Type II 24-hi Rainfall=4.70" 
Page 8 

I 211 412004 

Inflow = 23.94 cfs @ 1 I .91 hrs, Volume= 1.053 af 
Outflow = 0.00 cfs @ 0.00 hrs, Volume= 0.000 af, Atten= loo%, Lag= 0.0 min 

Routing by Stor-lnd method, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 

Peak Elev= 590.09' Storage= 1.053 af 
Plug-Flow detention time= (not calculated) 
Storage and wetted areas determined by Prismatic sections 

Elevation 
(feet) 

586.00 
587.00 
588.00 
589.00 
590.00 
591 .oo 
592 .OO 

Surf.Area I nc. Store 
(acres) (acre-feet) 
0.035 0.000 
0.147 0.091 
0.244 0.195 
0.358 0.301 
0.482 0.420 
0.554 0.51 8 
0.622 0.588 

Cum.Store 
(acre-feet) 

0.000 
0.091 
0.286 
0.588 
1.007 
1.526 
2.113 92 

Pond IRCA: Detention Pond 
Hydrograph Plot 

- - . . .. . . .. . .. 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
flme (hours) 
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. .. 
Drainage Diagram for Call 8Expand-Stagelll 

Prepared by GeoSyntec Consultants 12/8/2004 
HydroCAD@ 6.00 dn 000029 Q 1986-2001 Applied Microcomputer Systems 
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Cell 8Expand-Stagelll 
Prepared by GeoSyntec Consultants 
HydroCADB 6.00 sln 000929 0 1986-2001 Applied Microcomputer Systems 

Type It 24-hr Rainfall=4.70" 
Page 1 

12/8/2004 

Time span=0.00-20.00 hrs, dt=O.Ol hrs, 2001 points 
Runoff by SCS TR-20 method, UH=SCS, Type II 24-hr Rainfall=4.70" 

Reach routing by Stor-lnd+Trans method - Pond routing by Stor-lnd method 

Subcatchment A: Area A 
Tc=0.6 rnin CN=91 Area=1.167 ac Runoff= 8.46 cfs 0.338 af 

Subcatchment P: Pond Area 
Tc=O.O min CN=100 Area=0.490 ac Runoff= 3.92 cfs 0.183 af 

Pond IRCA: Detention Pond Peak Storage= 0.520 af Inflow= 12.22 cfs 0.520 af 
Outflow= 0.00 cfs 0.000 af 

Runoff Area = 1.657 ac Volume = 0.520 af Average Depth = 3.77" 

2- 22,Les w3 



Cell 8Expand-Stagelll 
Prepared by GeoSyntec Consultants 
HydroCAW 6.00 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Type II 24-hr Rainfall=4.70" 
Page 2 

12/8/2004 

Subcatchment A: Area A 

[49] Hint: TceZdt may require smaller dt 

Runoff = 8.46 cfs @ 11.91 hrs, Volume= 0.338 af 

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 
Type II 24-hr Rainfall=4.70" 

Area (ac) CN Description 
1 .I67 91 Total Sideslope Area A 

Tc Length Slope Velocity Capacity Description 

0.5 100 0.2600 3.4 Sheet Flow, Segment A-1 

0.1 51 0.2600 8.2 Shallow Concentrated Flow, Segment A-2 

0.6 151 Total 

(rnin) (feet) (fUft) (Wsec) (cfs) 

Smooth surfaces n= 0.01 1 P2= 2.55" 

Unpaved Kv= 16.1 fps 

Subcatchment A: Area A 
Hydrograph Plot 

. . . . .  . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . .  , 
" I 

. . . . . . . . . . . . . . .  . . . .  - . . . . . . . . . . . . . . . . . . .  - . . . . . . . . . . . . . . . . . . . .  ._ . .  

I 

. . . . .  - . . . . . . . . . . .  - . _  . . . .  

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 i 6  i 7  18 19 20 
Time (hours) 
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Cell 8ExpandStagelll 
Prepared by GeoSyntec Consultants 
HvdroCAW 6.00 sln 000929 0 1986-2001 Applied Microcomputer Systems 

Type II 24-hr Rainfall=4.70" 
Page 3 

12/8/2004 

Subcatchment P: Pond Area 
3 

[46] Hint: Tc=O (Instant runoff peak depends on dt) 

Runoff = 3.92 cfs @ 1 1.90 hrs, Volume= 0.183 af 

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 
Type I1 24-hr Rainfall=4.70" 

Area (ac) CN Description 
0.490 100 Pond Area 

Subcatchment P: Pond Area 

/ 

4- 

J 
3- 

s :  3 ii i 2:. 

1- 

Q- I 

Hydrograph Plot 

. . . . . . . . . .  , . 

. . . . . . . . . . . . .  - . - . . . . . .  

- . . . . . . . . . . . . . . . . . . . .  

. . . . . .  

. . . . . .  

. . . .  . . . .  
7 18 19 20 



&-- 5 8 6 5 
Cell 8Expand-Stagelll . Type II 24-hr Rainfalk4.70" 
Prepared by GeoSyntec Consultants Page 4 
HydroCAW 6.00 sln 000929 0 1986-2001 Applied Microcomputer Systems 12/8/2004 

Pond IRCA: Detention Pond 

= 12.22 cfs @ 11.90 hrs, Volume= 0.520 af Inflow 
outflow = 0.00 cfs @ 0.00 hrs, Volume= 0.000 af, Atten= loo%, Lag= 0.0 min 

Routing by Stor-lnd method, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 

Peak Elev= 590.15' Storage= 0.520 af 
Plug-Flow detention time= (not calculated) 
Storage and wetted areas determined by Prismatic sections 

Elevation Surf.Area Inc. S to re Cum.Store 
(feet) (acres) (acre-feet) (acre-feet) 

586.00 0.01 3 0.000 0.000 
587.00 
588.00 
589.00 
590.00 
591 .OO 
592.00 

12 

11 

11 

10 

9 

g 8  
- 7  

1 6  

5 

4 

3 

2 

0.055 0.034 0.034 
0.108 0.082 0.116 
0.178 0.143 0.259 
0.258 0.21 8 0.477 
0.31 9 0.289 0.765 

0.383 0.351 YB, lp r3w- Y 
Pond IRCA: Detention Pond 
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ATTACHMENT A-2 

INLET CHANNEL SPREADSHEET 



DesigdCheck: TrapezoidaVTriangular Channel 
Methodology: Manning's Equation 
Project: Fernald OSDF Phase V 

I I 
c fs 
A 
horizontal :I  vertical 
horizontal : I  vertical 

Manning's Roughness Coeff 
Longitudinal Channel Slope, Wft 

Discharge versus Depth Relationship - \.I= '313 ' 

0.0 0.5 1 .o 1.5 2.0 , 2.5 
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0.0 1 
0.18 
0.34 
0.5 1 
0.67 
0.84 
1.01 
1.17 
I .34 
I S O  
I .67 
1.83 
2.00 

Des ign/C heck: TrapezoidaVTri angular Channel 
Methodology: Manning's Equation 
Proiect: Fernald OSDF Phase V 

-_ 0.00 
0.02 0.07 0.87 - 0.08 1 .OS 0.08 

026 I .70 0.15 1.69 0.44 0.05 
0.58 2.52 0.23 2.20 1.27 0.07 

- 0.00 0.05 - 0.00 0.16 0.00 
- 

.- - 

. _  1.02 3.34 __ 0.3 I 2.65 2.7 1 0.10 
I .58- 4.17 0.38 3.07 4.87 0.12 
- 

2.27 4.99 0.46 3.46 7.87 0.14 
3.08 5.81 0.53 3.84 11.83 0.17 
4.02 6.64 0.6 1 4.19.- 16.84 0.19 
5.08 7.46 0.68 4.53 23.01 0.2 I 
6.26 8.28 0.76 4.86 30.42 0.24 
757 9.1 1 0.83 5.17 39.16 0.26 
900 9.93 0.91 5.48 49.33 0.28 

- -  
~ 

Peak Discharge, a c fs 
ft 
horizontal : 1 vertical 
horizontal : I  vertical 

Manning's Roughness Coeff., 
Longitudinal Channel Slope, 8 fuft 

Discharge versus Depth Relationship 
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Site Volume Table: cut Unadjusted Fill 
Net 

Site Stratum Surf1 Surf2 cu.yds cu.yds cu.yds Method 
============================================================------- --_-_-- 
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ADDENDUM TO SECTION 7.1 
(ADDED TO REVISION 1 PACKAGE) 

The Calculation Package “Leachate Generation Rates” presented in Section 7.1 estimated 
leachate generation rates for different stages of the life of the Fernald On-Site Disposal Facility 
(OSDF). These rates were used to evaluate the performance of the leachate collection system 
(LCS), leak detection system (LDS), and leachate transfer system (LTS) in other Calculation 
Packages. The rates were calculated based on a cell 400 feet wide and 6.5 acres in size. This size 
cell applies to the northernmost and interior OSDF cells (Le., Cells 1 to 7). The southemmost 
OSDF cell (i.e., Cell 8) is sized differently from the other cells. 

This addendum to Section 7.1 presents leachate generation rates for Cell 8. Similar methods 
and input data to that used in Section 7.1 were used herein. This addendum is presented as Section 
7.4 of the OSDF Final Design Calculation Package, and is titled, “Leachate Generation Rates - Cell 
8 Supplement”. Section 7.4 is presented in Volume VU of the OSDF Final Design Calculation 
Package. 
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CASElB8R 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
****************************************************************************** 
** 
** 
** 
** 
** 
** 
** 
** 

HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE 
HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) 

DEVELOPED BY ENVIRONMENTAL LABORATORY 
USAE WATERWAYS EXPERIMENT STATION 

FOR USEPA RISK REDUCTION ENGINEERING LABORATORY 

** 
** 
** 
** 
** 
** 
** 
** 

** ** ****************************************************************************** 
****************************************************************************** 

PRECIPITATION DATA FILE: H:\Projects\Fernald\cell8\CaselB.D4 

SOLAR RADIATION DATA FILE:  H:\Pro~ects\Fernald\Cel18\CaselB.D13 

SOIL AND DESIGN DATA FILE: 

TEMPERATURE DATA FILE:  H:\Pro~ects\Fernald\Cell8\CaselB.D7 

EVAPOTRANSPIRATION DATA: H:\Pro~ects\Fernald\Ce~~8\CaselB.D11 

OUTPUT DATA F I L E :  H:\Projects\Ferna~d\Ce~~8\CaselB8R.OUT 
H:\Pro~ects\Fernald\Cell8\Casel€38R.D10 

TIME: 15~32 DATE: 5/12/2004 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
TITLE:  Fernald OSDF - Case 1B 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

NOTE: I N I T I A L  MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE 
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM. 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 31 

= 120.00 INCHES - 0.5780 VOL/VOL 
THICKNESS 

F I E L D  CAPACITl  - - 0.0760 VOL/VOL 
POROSITY 

WILTING POINT = 0.0250 VOL/VOL 
I N I T I A L  SOIL WATER CONTENT = 0.1790 VOL/VOL 

- 

EFFECTIVE SAT. HYD. COND. = 0.410000002000E-02 CM/SEC 

TYPE 1 - VERTICAL PERCOLATION LAYER 
Page 1 



CASE1BSR 
MATERIAL TEXTURE NUMBER 26 

- 12.00 INCHES - 0.4450 VOL/VOL 
THICKNESS 

- 0.3930 VOL/VOL 
POROSITY 

WILTING POINT - - 0.2770 VOL/VOL 
FIELD CAPACITY 

I N I T I A L  SOIL  WATER CONTENT = 0.3930 VOL/VOL 

c 

- 

EFFECTIVE SAT. HYD. COND. = 0.190000003000E-05 CM/SEC 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUM8ER 0 

e: 12.00 INCHES 
- 0.3970 VOL/VOL 

THICKNESS 

- 0.0320 VOL/VOL 
POROSITY 

WILTING POINT - - 0.0130 VOL/VOL 
FIELD CAPACITY 

I N I T I A L  SOIL  WATER CONTENT = 0.0320 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 1.00000000000 CM/SEC 

2.24 PERCENT SLOPE - 
DRAINAGE LENGTH = 385.0 FEET 

- 
- 

- 

TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

- - 0.06 INCHES 
POROSITY - - 0.0000 VOL/VOL 

= 0.0000 VOL/VOL 
WILTING POINT - - 0.0000 VOL/VOL 
I N I T I A L  SOIL WATER CONTENT = 0.0000 VOL/VOL 

FML PINHOLE DENSITY = 0.00 HOLES/ACRE 
FML INSTALLATION DEFECTS = 1.00 HOLES/ACRE 

THICKNESS 

FIELD CAPACITY 

EFFECTIVE SAT. HYD. COND. = 0.199999996OOOE-12 CM/SEC 

FML PLACEMENT QUALITY = 3 - GOOD 

TYPE 3 - BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 17 

0.25 INCHES - THICKNESS - 
E 0.7500 VOL/VOL - 0.7470 VOL/VOL 

POROSITY 

WILTING POINT - - 0.4000 VOL/VOL 
FIELD CAPACITY 

I N I T I A L  SOIL  WATER CONTENT = 0.7500 VOL/VOL 

- 

EFFECTIVE SAT. HYD. COND. = 0.300000003000E-08 CM/SEC 

LAYER 6 -------- 
Page 2 



CASElB8R 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 0 

THICKNESS - - 12.00 INCHES 
t 0.3970 VOL/VOL 
- 0.0320 VOL/VOL 

POROSITY 

WILTING POINT - - 0.0130 VOL/VOL 
FIELD CAPACITY 

I N I T I A L  SOIL WATER CONTENT = 0.0320 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 1.00000000000 CM/S EC 
SLOPE - - 2.24 PERCENT 
DRAINAGE LENGTH = 385.0 FEET 

- 

LAYER 7 -------- 
TYPE 4 - FLEXIBLE MEMBRANE LINER 

MATERIAL TEXTURE NUMBER 35 
D 0.06 INCHES 

POROSITY - - 0.0000 VOL/VOL 
E 0.0000 VOL/VOL 

WILTING POINT - - 0.0000 VOL/VOL 
I N I T I A L  S O I L  WATER CONTENT = 0.0000 VOL/VOL 

FML PINHOLE DENSITY - - 0.00 HOLES/ACRE 
FML INSTALLATION DEFECTS = 1.00 HOLES/ACRE 

THICKNESS 

FIELD CAPACITY 

EFFECTIVE SAT. HYD. COND. = 0.199999996OOOE-12 CM/SEC 

FML PLACEMENT QUALITY = 3 -GOOD 

LAYER 8 -------- 
TYPE 3 .. BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 0 - - 36.25 INCHES 

POROSITY - - 0.4290 VOL/VOL 
THICKNESS 

= 0.4200 VOL/VOL 
WILTING POINT - - 0.3670 VOL/VOL 
FIELD CAPACITY 

I N I T I A L  SOIL WATER CONTENT = 0.4290 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.819999997000E-07 CM/SEC 

GENERAL DESIGN AND EVAPORATIVE ZONE DATA ---------"--"--------------------------- 
NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT 

S O I L  DATA BASE USING SOIL TEXTURE #31  W I T H  BARE 
GROUND CONDITIONS, A SURFACE SLOPE OF s.% AND 

, A SLOPE LENGTH OF 540. FEET. 

SCS RUNOFF CURVE NUMBER - - 96.80 
FRACTION OF AREA ALLOWING RUNOFF = 0 .0  PERCENT 
AREA PROJECTED ON HORIZONTAL PLANE = 1.000 ACRES 
EVAPORATIVE ZONE DEPTH - - 12.0 INCHES 
I N I T I A L  WATER I N  EVAPORATIVE ZONE =t 1.725 INCHES 
UPPER LIMIT OF EVAPORATIVE STORAGE = 6.936 INCHES 

Page 3 



CAS E 188 R 
LOWER L I M I T  OF EVAPORATIVE STORAGE = 0.300 INCHES 
I N I T I A L  SNOW WATER - - 0.000 INCHES 
I N I T I A L  WATER I N  LAYER MATERIALS = 42.698 INCHES 
TOTAL I N I T I A L  WATER - - 42.698 INCHES 5 8 4 5  TOTAL SUBSURFACE INFLOW - - 0.00 INCHES/YEAR 

NOTE : EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 
CINCINNATI OHIO 

STATION LATITUDE 
MAXIMUM LEAF AREA INDEX 
START OF GROWING SEASON (JULIAN DATE) 
END OF GROWING SEASON (3ULIAN DATE) 
EVAPORATIVE ZONE DEPTH 
AVERAGE ANNUAL WIND SPEED 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY 

= 39.29 DEGREES 
= 0.00 
= 104 
= 295 
= 12.0 INCHES 
= 9.10 MPH 
= 70.00 % 
= 67.00 % 
= 73.00 % 
= 72.00 % 

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR COVINGTON KtNTUCKY 

NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 

APR/OCT MAY/NOV JUN/DEC ------- - - - - - - FEB/AUC MAR/SEP - - e - - - I ..------ ------- JAN/ JUL ------- 
3.13 2.73 3.95 3.58 3.84 4.09 
4.28 2.97 2.91 2.54 3.12 3.00 

Y 

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR CINCINNATI OHIO 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

JUN/DEC - - - - - MAY/NOV ------- FEB/AUG MAR/SEP APR/OCT ------- ------- ------- JAN/JUL 
-----c- 

28-90 32.10 41.80 53.50 63.00 71.40 
75.40 74.10 67.50 55.30 43.40 33.80  

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR CINCINNATI OHIO 

AND STATION LATITUDE = 39.29 DEGREES 

I)’ 
*************************************************************************~***** 
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CASElB8R - 5 8 6 5  AVERAGE MONTHLY VALUES I N  INCHES FOR YEARS 1 THROUGH 100 
---------__------_-___L_________________--------------------------------------- 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC ------- ------- ---_--- ------- ------- -----__ 
PRECIPITATION ------------- 

3 
TOTALS 3.42 2.87 3.77 3.69 3.83 4.10 

4.42 2.86 2.79 2.35 3.22 2.94 

STD. DEVIATIONS 1.59 1.34 1.48 1.54 1.84 2.18 
1.94 1.59 1.78 1.10 1.36 1.21 

RUNOFF ------ 
TOTALS 0.000 0.000 0.000 0.000 0.000 0.000 

0.000 0.000 0.000 0.000 0.000 0.000 

STD. DEVIATIONS 0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 

EVAPOTRANSPIRATION 

TOTALS 0.623 0.556 1.887 2.884 3.050 2.900 
3.205 2.290 1.874 1.653 1.373 0.965 

STD. DEVIATIONS 0.271 0.310 0.589 0.753 0.960 1.012 
1.037 0.982 0.811 0.520 0.332 0.255 

LATERAL DRAINAGE COLLECTED FROM LAYER 3 ---------------------------------------- 
TOTALS 1.1201 1.2394 1.4275 1.8232 1.8697 1.7071 

1.5949 1.4525 1.3479 1.2918 1.0952 0.9858 

STD . DEVIATIONS 0.6491 0.4902 0.4945 0.2690 0.3086 0.4044 
0.5309 0.6138 0.5907 0.6096 0.5642 0.5468 

PERCOLATION/LEAKAGE THROUGH LAYER 5 ------------------------------------ 
TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

LATERAL DRAINAGE COLLECTED FROM LAYER 6 __-------------------------------------- 
TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

0.0000 0.oM)o 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION/LEAKAGE THROUGH LAYER 8 _____------------------------------- 
TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 



6/13 

AVERAGES 0.1096 0.1332 
0.1561 0.1421 

STD . DEVIATIONS 0.0635 0.0530 
0.0520 0.0601 

DAILY AVERAGE HEAD ON TOP OF LAYER 7 -----------____---__----------------- 
AVERAGES 0.0000 0.0000 

0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 
0.0000 0.0000 

0.1397 
0.1363 

0.0484 
0.0597 

0.0000 
0.0000 

0.0000 
0.0000 

0.1843 
0.1264 

0.0272 
0.0596 

0.0000 
0.0000 

0.0000 
0.0000 

0.1829 0.1726 
0.1107 0.0965 

0.0302 0.0409 
0.0570 0.0535 

0.0000 0.0000 
0.0000 0.0000 

0.0000 0.0000 
0.0000 0.0000 

******************************************************************************* 

******************************************************************************* 

PRECIPITATION 

RUNOFF 

EVAPOTRANSPIRATION 

LATERAL DRAINAGE COLLECTED 
FROM LAYER 3 

PERCOLATION/LEAKAGE THROUGH 
LAYER 5 

AVERAGE HEAD ON TOP 
OF LAYER 4 

FROM LAYER 6 
LATERAL DRAINAGE COLLECTED 

PERCOLATION/LEAKAGE THROUGH 
LAYER 8 

AVERAGE HEAD ON TOP 
OF LAYER 7 

CHANGE I N  WATER STORAGE 

INCHES CU. FEET ------------------- ------------- 
40.26 ( 5.552) 146142.4 

0.000 ( 0.0000) 0.00 

23.260 ( 2.6639) 84432.33 

16.95500 ( 3.94392) 61546.664 

0.00.001 ( 0.00000) 0.032 

0.141 ( 0.033) 

0.00001 ( 0.00000) 0.023 

0.00000 ( 0.00000) 0.009 

0.000 ( 0.000) 

0.045 ( 3.0368) 163.32 

PERCENT --------- 
100.00 

0.000 

57.774 

42.11419 

0.00002 

0.00002 

0.00001 

0.112 
******************************************************************************* 

0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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RUNOFF 

DRAINAGE COLLECTED FROM LAYER 3 

PERCOLATION/LEAKACE THROUGH LAYER 

AVERAGE HEAD ON TOP OF LAYER 4 

MAXIMUM HEAD ON TOP OF LAYER 4 

LOCATION OF MAXIMUM HEAD I N  LAYER 
(DISTANCE FROM DRAIN) 

DRAINAGE COLLECTED FROM LAYER 6 

P E RCOtATI  ON/ L EAKAG E THROUGH LAY E R 

AVERAGE HEAD ON TOP OF LAYER 7 

MAXIMUM HEAD ON TOP OF LAYER 7 

LOCATION OF MAXIMUM HEAD I N  LAYER 
(DISTANCE FROM DRAIN) 

SNOW WATER 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 

MINIMUM VEG. SOIL WATER (VOL/VOL) 
Y 

0. OQO 

0.06463 

5 0.000000 

0.196 

0 . 3 8 5  

3 
6.3 FEET 

0.00000 

8 0.000000 

0.000 

0.027 

6 
0.0 FEET 

7.68 

0.0000 

234.60274 

0.00012 

0.00010 

0.00002 

27876.4355 

0.5780 

0.0275 

*** Maximum heads are computed using McEnroe'S equations. *** 
R e f e r e n c e :  Maximum saturated Depth over Land f i l l  L iner 

by Bruce M. McEnroe,  Univers i ty  o f  Kansas 
ASCE Journal o f  Envi r o n m e n t a l  E n g i n e e r i n g  
V o l .  119, No. 2, Mar~h~1993 ,  pp. 262-270.  

****************************************************************************** 

0 ****************************************************************************** 
FINAL WATER STORAGE AT END OF YEAR 100 

2 4.8788 0.4066 

3 0.3844 0 . 0 3 2 0  
Page 7 



4 

CASElB8R 

0.0000 0.0000 

5 0.1875 0.7500 

6 0.3840 0.0320 

7 

a 
0.0000 

15.5512 

0.0000 

0.4290 

SNOW WATER 0.000 
****************************************************************************** 
****************************************************************************** 
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.!! 5 8 6 5  EXECUTIVE SUMMARY 

PURPOSE OF ANALYSIS 

The purpose of this analysis is to estimate leachate generation rates for different stages of the 
life of the Femald On-Site Disposal Facility (OSDF) Cell 8. These rates will be used to evaluate the 

performance of the leachate collection system (LCS) and leak detection system (LDS). 

METHOD OF ANALYSIS 

The U .S. Environmental Protection Agency (USEPA) Hydrologic Evaluation of Landfill 
Performance (HELP) model, Version 3.07, was used to estimate leachate generation rates for Cell 8 0 oftheOSDF. 

CONCLUSIONS 

Leachate Generation Rates for Cell 8 

b Peak daily for active stage (i.e., 10 ft of waste) 
Peak daily for post-closure stage b 

= 1754 gpad 
=MBt gpad 
0.054 

b Average annual for active stage (Le., 10 fi of waste) = 1261 gpad 
b Average annual for post-closure stage = 0.002 gpad 

b Baseline design flow rate during active operations 
b Baseline design flow rate after closure 

Note that the above design flow rates do not account for large peak flows associated with the 
stom design basis flow rate or incremental flows that may occur from the consolidation of impacted 
materials. The storm design basis flow rate is addressed in Calculation Package “LTS Gravity Line Y 
Flow Capacity” and Calculation Package “LTS Pipe Hydrograph”. The potential effects of 
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LEACHATE GENERATION RATES - CELL 8 SUPPLEMENT 
CALCULATION PROCEDURES 

INTRODUCTION 

The purpose of this analysis is to estimate leachate generation rates for different stages of the life 
I 
I 

of the Fernald On-Site Disposal Facility (OSDF‘) Cell 8. I 
GENERAL DESCRIPTION OF CELL 8 ~ 

The southernmost cell of the OSDF, Cell 8, is sized differently than the northernmost and interior 
cells (Cells 1 through 7). Cells I through 7 are approximately 700 feet long and 400 feet wide with a 

I 

cell area of 6.5 acres. Cell 8 is designed approximately 650 feet long a n d e f e e t  wide with a cell area 
of 6.3 acres. * Io4 0510 

G.0 

LEACHATE GENERATION ANALYSIS 

Generally, the analysis procedures presented in the Calculation Package “Leachate Generation 

Rates” are followed in these calculation packages. The U.S. Environmental Protection Agency 

(USEPA) Hydrologic Evaluation of Landfill Performance (HELP) model, Version 3.07 [Schroeder, et 

ai., 1994a, b], is used to estimate leachate generation rates for Cell 8 of the OSDF. 

Analyses were presented in the Calculation Package “Leachate Generation Rates” for three cases 

representing three different stages in the life of the OSDF. Based on these calculation results, it was 

determined that Case 1 is the critical case during active operation and Case 3 after closure of the OSDF. 

Therefore, leachate generation calculations for Cell 8 are performed for Cases 1 and.3 only in this 

calculation package . 

I)’ The Calculation Package “Leachate Generation Rates” sub-classified Case 1 as 1A and IB, and 

Case 3 as 3A, 3B, 3C, and 3D based on the different material types used to model certain layers in the - - - -- 
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OSDF. Based on the analysis results presented in that Calculation Package, it was determined that Case 

ZB, and Case 3D (or 3C) are the critical cases that need to be considered for M e r  analyses. Therefore, 

in this Calculation Package analyses are performed for Cases 1B (active condition) and 3D (post-closure 

condition). 

3 

Schroeder, P.R., Lloyd, C.M., and Zappi, P.A. (1994a). “The Hydrologic Evaluation of Land$ll 

Performance (HELP) Model: User’s Guide for Version 3.” U.S. Environmental Protection Agency, 

Ofice of the Research and Development, Washington D.C., Report No. EPA/600/R-94/168a7 83 p. (plus 

appendix). 

Schroeder, P.R., Dozier, T.S., Zappi, P.A., McEnroe, B.M., Sjostrom, J.W., and Peyton, R.L. (1994b). 

“The Hydrologic Evaluarion of Landfill Pedormance (HELP) Model; Engineering Documentation yor 

Version 3.” U.S. Environmental Protection Agency, Office of the Research and Development, 

Washington D.C., Report No. EPA/600/R-94/168b, 1 16 p. 

0 
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LEACHATE GENERATION RATES - CELL 8 SUPPLEMENT 
HELP MODEL INPUT PARAMETERS 

OBJECTIVE 

To select values for the input parameters of HELP to model Cell 8 of the Fernald OSDF. Values 

are selected for Cases 1B and 3D for Cell 8. The following input parameters used for these cases are the 

same as the ones used in the Calculation Package “Leachate Generation Rates” presented in Section 7.1. 

Weather Data Requirements 

Evaporation data 

0 Precipitation data 

Temperature data 

Solar radiation data 

The following input parameters used for these cases are the same as the ones used in the 

presented below to account for the new geometry of Cell 8. 

Calculation Package “Leachate Generation Rates” present 

Soil and Design data Requirements 

Landfill General Information 

- Cell area 

LayerData 

- Drainage path length for the LCS drainage layer 

- Drainage .ath len - H rt con w t i v i t  03 U S  a 
Runoff urve Number 

- calculated by the program based on the new input 

rd for the final cover 

2 
P Y  L S  $c4nm3e \A u” =% d S  

C b s e d o m t t c s - t ~ l  grw, F&w 
8 

- 
‘L os 1 22) 104 
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COMPUTATION RESULTS 

The leachate generation rates were estimated for Case I (active condition) and Case 3 (post- 

closure condition). The HELP program output files are included at the end of this CalcuIation Package 

as appendix A. The results for the HELP analyses are summarized in Table 1. 

Calculation of Baseline Design Flow Rates for Cell 8 

a Peak daily for active stage (Le., 10 R of waste) 
b Peak daily for post-closure stage 

Average annual for. active stage (;.e., 10 fl of waste) 
Average annual for post-closure stage 

e Baseline design flow rate during active operations 
Baseline design flow rate after closure e 

= 1754 gpad 
=4MS+gpad 

= 1261 gpad 
= 0.002 gpad 

6-054 
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P' R2 E3 LD4 Ha"; I6 

Table 1 .  Summary of HELP Model Results 

P R LD HW, I 

Case Average Annual Totals (in) Peak Daily Values (in) I I  

Notes: 

'P = Precipitation 

2R = Runoff 

3E = Evaporation 

4LD = Lateral drainage in LCS drainage corridor 

'Havg = Average head above the primary geomembrane liner 

= Infiltration through primary geomembrane liner 

'Hmm = Maximum head above the primary geomembrane liner 
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CASE3D8R 

~***************************************************************************** 
***********************************************************~****************** 
** ** . ** ** 
** HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE ** ** HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) ** ** DEVELOPED BY ENVIRONMENTAL LABORATORY ** 
** USAE WATERWAYS EXPERIMENT STATION ** 
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY ** ** ** ** ** ****************************************************************************** 
****************************************************************************** 

PRECIPITATION DATA F I L E :  H:\Projects\Fernald\Cel18\Case3D.D4 

SOLAR RADIATION DATA F I L E :  H:\Pro~ects\Fernald\Ce118\Case3D.D13 
EVAPOTRANSPIRATION DATA: H:\Pro~ects\Ferna1d\Ce118\Case3D.D11 

TEMPERATURE DATA FILE:  H:\Pro~ects\Fernald\Cel18\case3D.D7 

SOIL AND DESIGN DATA FILE: H:\Pro-~ects\Ferna~d\Ce~~8\Case3D8R.D10 
OUTPUT DATA F I L E :  H:\Pro ]ects\Fernald\Cell8\Case3D8R.OUT 

TIME: 16: 8 DATE : 5/12/2004 

4 

****************************************************************************** 
TITLE:  Fernald OSDF - Case 3D 

****************************************************************************** 

NOTE: I N I T I A L  MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE 
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM. 

LAYER 1 -------- 
TYPE 1 - VERTICAL PERCOLATION LAYER 

MATERIAL TEXTURE NUMBER 10 
THICKNESS f= 6.00 INCHES 
POROSITY - - 0.3980 VOL/VOL 

P 0.2440 VOL/VOL 
0.1360 VOL/VOL 

FIELD CAPACITY 
WILTING POINT - 
I N I T I A L  SOIL WATER CONTENT = 0.2324 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.119999997OOOE-03 CM/SEC 

- 

NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 4.63 
FOR ROOT CHANNELS I N  TOP HALF OF EVAPORATIVE ZONE, 

Y 
LAYER 2 -------- 

Page 1 



CASE3D8R 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 0 

- - 21.00 INCHES 
POROSITY - - 0.4000 VOL/VOL 
THICKNESS 

= 0 .3000  VOL/VOL 
WILTING POINT - - 0.2000 VOL/VOL 
FIELD CAPACITY 

I N I T I A L  SOIL WATER CONTENT = 0.2929 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0 .999999975000E-04  CM/SEC 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 2 

6.00 INCHES - THICKNESS - 
POROSITY f 0.4370 VOL/VOL 

P 0.0620 VOL/VOL 
WILTING POINT - - 0.0240 VOL/VOL 
FIELD CAPACITY 

I N I T I A L  SOIL WATER CONTENT = 0.1842 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.579999993OOOE-02 CM/SEC 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 0 

36 .00  INCHES - - 
- 0 . 3 5 0 0  VOL/VOL 

THICKNESS 

F IELD CAPACITY - - 0 . 0 3 0 0  VOL/VoL 
POROSITY 

I N I T I A L  SOIL WATER CONTENT = 0 . 0 3 0 0  VOL/VOL 

- 
WILTING POINT c 0.0100 VOL/VOL 

EFFECTIVE SAT. HYD. COND. = ~00.000000000 CM/SEC 

LAYER 5 ------_- 
TYPE 2 - LATERAL DRAINAGE LAYER 

MATERIAL TEXTURE NUMBER 0 
e 12.00 INCHES 
- 0 . 3 9 7 0  VOL/VOL 

THICKNESS 

F IELD CAPACITY - - 0.0320 VOL/VOL 
POROSITY 

WILTING POINT = . 0.0130 VOL/VOL 
I N I T I A L  SOIL WATER CONTENT = 0.0528 VOL/VOL 

SLOPE - 13.40 PERCENT 
DRAINAGE LENGTH = 510.0 FEET 

- 

EFFECTIVE SAT. HYD. COND. = 0.100000001000 CM/SEC 

5 8 6 5  
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CASE3D8R 
TYPE 4 - FLEXIBLE MEMBRANE LINER 

MATERIAL TEXTURE NUMBER 35 
= 0.06 INCHES 

0.0000 VOL/VOL 
THICKNESS 

0.0000 VOL/VOL 
POROSITY 
FXELD CAPACITY - 
WILTING POINT e 0.0000 VOL/VOL 
I N I T I A L  S O I L  WATER CONTENT = 0.0000 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.199999996OOOE-12 CM/SEC 
FML PINHOLE DENSITY - 
FML INSTALLATION DEFECTS = 1.00 HOLES/ACRE 
FML PLACEMENT QUALITY = 3 - GOOD 

- - - 

0.00 HOLES/ACRE - 

TYPE 3 - BARRIER SOIL  LINER 
MATERIAL TEXTURE NUMBER 0 

24.25 INCHES - - 
POROSITY - - 0.4300 VOL/VOL 
THICKNESS 

P 0.4210 VOL/VOL 
WILTING POINT - - 0.3670 VOL/VOL 
F I E L D  CAPACITY 

I N I T I A L  S O I L  WATER CONTENT = 0.4300 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.750000027000E-07 CM/SEC 

LAYER 8 -------- 
TYPE 1 - VERTICAL PERCOLATION LAYER 

MATERIAL TEXTURE NUMBER 26 
12.00 INCHES - - 

- 0.4450 VOL/VOL 
THICKNESS 
POROSITY 

WILTING POINT - - 0.2770 VOL/VOL 
FIELD CAPACITY 

I N I T I A L  SOIL  WATER CONTENT 0.3930 VOL/VOL 

- 
- 0.3930 VOL/VOL - 

EFFECTIVE SAT. HYD. COND. = 0.190000003000E-05 CM/SEC 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 26 

12.00 INCHES. - 0.4450 VOL/VOL 
0.3930 VOL/VOL 

- - THICKNESS 
POROSITY 
FIELD CAPACITY - 
WILTING POINT P 0.2770 VOL/VOL 
I N I T I A L  SOIL WATER CONTENT = 0.3930 VOL/VOL 

- - 

EFFECTIVE SAT. HYD. COND. = 0.190000003000E-05 CM/SEC 

LAYER 10 -------- 
Page 3 



CASE3D8R 
TYPE 1 - VERTICAL PERCOLATION LAYER 

MATERIAL TEXTURE NUMBER 3 1  
= 408.00 INCHES 

POROSITY - - 0.5780 VOL/VOL 
THICKNESS 

- - 0.0760 VOL/VOL FIELD CAPACITY 

I N I T I A L  SOIL WATER CONTENT = 0.0760 VOL/VOL 
WILTING POINT - - 0.02SO VOL/VOL 

EFFECTIVE SAT. HYD. COND. = 0 ~ 4 1 0 0 0 0 0 0 2 0 0 0 E - 0 2  CM/SEC 

LAYER 11 -------- 
TYPE 1 - VERTICAL PERCOLATION LAYER 

MATERIAL TEXTURE NUMBER 26 
12.00 INCHES 
' 0.4450 VOL/VOL 

THICKNESS 
POROSITY - 

- - 0.3930 VOL/VOL 
WILTING POINT - - 0.2770 VOL/VOL 
FIELD CAPACITY 

I N I T I A L  SOIL WATER CONTENT = 0.3930 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.190000003000E-05 CM/SEC 

- - - 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 0 - - 12.00 INCHES. - 0.3970 VOL/VOL 

THICKNESS 

- 0.0320 VOL/VOL 
POROSITY 

WILTING POINT - - 0.0130 VOL/VOL 
FIELD CAPACITY 

I N I T I A L  SOIL WATER CONTENT = 0.0320 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 1.~~000000000 CM/SEC 

2.24 PERCENT SLOPE - 
DRAINAGE LENGTH = 385.0 FEET 

- - 

- 

LAYER 13 -------- 
TYPE 4 - FLEXIBLE MEMBRANE LINER 

MATERIAL TEXTURE NUMBER 35 
r 0.06 INCHES 
- 0.0000 VOL/VOL 

FIELD CAPACITY - - 0.0000 VOL/VOL 
WILTING POINT - - 0.0000 VOL/VOL 
I N I T I A L  SOIL WATER CONTENT = 0.0000 VOL/VOL 

FML PINHOLE DENSITY - - 0.00 HOLES/ACRE 
FML INSTALLATION DEFECTS = 1.00 HOLES/ACRE 

THICKNESS 
POROSITY - 

EFFECTIVE SAT. HYD. COND. = 0.199999996OOOE-12 CM/SEC 

FML PLACEMENT QUALITY 5 3 - G O O D  

LAYER 14 
Page 4 



CASE3D8R -----_-- 
TYPE 3 - BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 17 > 

THICKNESS - - 0.25 INCHES 
POROSITY = 0.7500 VOL/VOL 
F I E L D  CAPACITY - - 0.7470 VOL/VOL 
WILTING POINT si 0.4000 VOL/VOL 
I N I T I A L  SOIL WATER CONTENT = 0.7500 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.300000003000E-08 CM/SEC 

LAYER 1 5  -------- 
TYPE 2 - LATERAL DRAINAGE LAYER 

MATERIAL TEXTURE NUMBER 0 
THICKNESS - - 12.00 INCHES 

= 0.3970 VOL/VOL 
- 0.0320 VOL/VOL 

POROSITY 

WILTING POINT - - 0.0130 VOL/VOL 
FIELD CAPACITY 

I N I T I A L  SOIL WATER CONTENT = 0.0320 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 1.00000000000 CM/SEC 
SLOPE - - 2.24 PERCENT 
DRAINAGE LENGTH = 385.0 FEET 

- 

LAYER 16 -------- 
TYPE 4 - FLEXIBLE MEMBRANE LINER 

MATERIAL TEXTURE NUMBER 35 
THICKNESS U 0.06 INCHES - 0.0000 VOL/VOL 

0.0000 VOL/VOL 
POROSITY 
F I E L D  CAPACITY - 
WILTING POINT I 0.0000 VOL/VOL 
I N I T I A L  SOIL WATER CONTENT = 0.0000 VOL/VOL 

FML PINHOLE DENSITY 0 0.00 HOLES/ACRE 
FML INSTALLATION DEFECTS = 1.00 HOLES/ACRE 

EFFECTIVE SAT. HYD. COND. = O.199999996OOOE-12 CM/SEC 

FML PLACEMENT QUALITY = 3 - G O O D  

LAYER 17 -------- 
TYPE 3 - BARRIER SOIL  LINER 
MATERIAL TEXTURE NUMBER 0 

r 36.25 INCHES 
- 0.4290 VOL/VOL 

THICKNESS 

0.4200 VOL/VOL 
POROSITY 

WILTING POINT - - 0.3670 VOL/VOL 
F I E L D  CAPACITY 

I N I T I A L  SOIL WATER CONTENT = 0.4290 VOL/VOL 

- - 

EFFECTIVE SAT. HYD. COND. = 0.819999997OOOE-07 CM/SEC 

Page 5 



CASE3D8R 

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT 
SOIL DATA BASE USING SOIL TEXTURE #lo WITH A 
GOOD STAND OF GRASS, A SURFACE SLOPE OF 13.% 
AND A SLOPE LENGTH OF 510. FEET. 

SCS RUNOFF CURVE NUMBER 
FRACTION OF AREA ALLOWING RUNOFF 
AREA PROJECTED ON HORIZONTAL PLANE 
EVAPORATIVE ZONE DEPTH 
I N I T I A L  WATER I N  EVAPORATIVE ZONE 
UPPER L I M I T  OF EVAPORATIVE STORAGE 
LOWER L I M I T  OF EVAPORATIVE STORAGE 
I N I T I A L  SNOW WATER 
I N I T I A L  WATER I N  LAYER MATERIALS 
TOTAL I N I T I A L  WATER 
TOTAL SUBSURFACE INFLOW 

80.70 
= 100.0 

1.000 
30.0 - - 8.162 - - 12.099 

5.088 
0.000 

82.454 - - 82.454 
0.00 

- - 
- - - - 

- - 
- - 
- - 
- - 

PERCENT 
ACRES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES/YEAR 

EVAPOTRANSPIRATION AND WEATHER DATA ................................... 
NOTE : EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 

CINCINNATI OHIO 

STATION LATITUDE 
MAXIMUM LEAF AREA INDEX 
START OF GROWING SEASON (JULIAN DATE) 
END OF GROWING SEASON (JULIAN DATE) 
EVAPORATIVE ZONE DEPTH 
AVERAGE ANNUAL WIND SPEED 
AVERAGE 1 S T  QUARTER RELATIVE HUMIDITY 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY 

39.29 DEGREES 
3.50 
104 
295 

30.0 INCHES 

70.00 % 
67.00 % 
73.00 % 
72.00 % 

9.10 MPH 

NOTE : PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR COVINGTON KENTUCKY 

NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 

MAY/NOV JUN/DEC ------- ------- APR/OCT ------- F E B/AUG MAR/SEP - - - - - - ------.. JAN/JUL ------- 
3.13 2.73 3.95 3.58 3.84 4.09 
4.28 2.97 2.91 2.54 3.12 3.00 

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR CINCINNATI OHIO 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC ------- ------- ------- ------- ------- JAN/JUL ------- 
Page 6 



CASE3D8R 5 # 3 n t p  
28.90 32.10 41.80 53.50 63.00 71.40 
75.40 74.10 67.50 55.30 43.40 33.80 

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING 

AND STATION LATITUDE = 39.29 DEGREES 
COEFFICIENTS FOR CINCINNATI OHIO 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

STD. DEVIATIONS 1.59 1.34 1.48 1.54 1.84 2.18 
2.35 1.59 1.78 1.10 1.36 1.21 

RUNOFF ------ 
TOTALS 1.120 1.872 1.188 0.033 0.024 0.078 

0.149 0.024 0.034 0.017 0.042 0.166 

1.338 1.405 1.738 0.086 0.067 0.162 
0.967 0.068 0.085 0.054 0.098 0.541 

3 STD. DEVIATIONS 

EVAPOTRANSPIRATION ------------------ 
TOTALS 0.591 0.554 1.884 3.468 4.478 4.139 

4.251 3.158 2.016 1.242 0.969 0.748 
STD. DEVIATIONS 0.208 0.278 0.564 0.622 1.154 1.494 

1.475 1.478 0.941 0.327 0.182 0.178 
LATERAL DRAINAGE COLLECTED FROM LAYER 5 __--------_----------------------------- 

TOTALS 0.9298 0.6222 2.1590 1.0906 0.4276 0.1304 
0.1822 0.0666 0.0869 0.1549 0.7798 1.4604 

STD. DEVIATIONS 1.0578 0.8332 1.1118 1.0386 0.6576 0.3134 
0.6282 0.1837 0.3076 0.3843 1.1033 1.0827 

PERCOLATION/LEAKAGE THROUGH LAYER 7 .................................... 
TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

0.0000 0.0000 0.0000 0.0000 0.0000 0‘. 0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

LATERAL DRAINAGE COLLECTED FROM LAYER 12 ........................................ 

I)’ Page 7 



TOTALS 
CASE3D8R 

0.0000 0.0000 
0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 
0.0000 0.0000 

PERCOLATION/LEAKAGE THROUGH LAYER 1 4  .................................... 
TOTALS 0.0000 0.0000 

0.0000 0.0000 

STD . DEVIATIONS 0.0000 0.0000 
0.0000 0.0000 

LATERAL DRAINAGE COLLECTED FROM LAYER 15 

TOTALS 0.0000 0.0000 
0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 
0.0000 0.0000 

........................................ 

PERCOLATION/LEAKAGE THROUGH LAYER 17 .................................... 
TOTALS 0.0000 0.0000 

0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 
0.0000 0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0 0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 . 0.0000 
0.0000 0.0000 58 6 5 
0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0 * 0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 0.0000 

AVERAGES 0.2050 0.1504 
0.0402 0.0147 

STD . DEVIATIONS 0.2332 0.2014 
0.1385 0.0405 

DAILY AVERAGE HEAD ON TOP OF LAYER 13 ..................................... 
AVERAGES 0.0000 0.0000 

0.0000 0.0000 

STD . DEVIATIONS 0.0000 0.0000 
0.0000 0.0000 

DAILY AVERAGE HEAD ON TOP OF LAYER 16 ..................................... 
AVERAGES 0.0000 0.0000 

0.0000 0.0000 

STD . DEVIATIONS 0.0000 0.0000 
0.0000 0.0000 

0.4760 
0,0198 

0.2451 
0.0701 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.2484 
0.0341 

0.2366 
0.0847 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0943 
0.1776 

0.1450 
0.2513 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0297 
0.3220 

0.0714 
0.2387 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

************************************~****************************************** 
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CASE3D8R 

PRECIPITATION 

RUNOFF 

EVAPOTRANSPIRATION 

LATERAL DRAINAGE COLLECTED 
FROM LAYER 5 

PERCOLATION/LEAKAGE THROUGH 
LAYER 7 ~ 

AVERAGE HEAD ON TOP 
OF LAYER 6 

LATERAL DRAINAGE COLLEnED 
FROM LAYER 12 

PERCOLATION/LEAKAGE THROUGH 
LAYER 14. 

AVERAGE HEAD ON TOP 
OF LAYER 13 

LATERAL DRAINAGE COLLECTED 

LAYER 17 

AVERAGE HEAD ON TOP 
OF LAYER 1 6  

CHANGE I N  WATER STORAGE 

INCHES ------------------- 
40.34 ( 5.640) 

4.747 ( 2.9201) 

27.498 ( 3.4202) 

8.09031 ( 3.22816) 

0.00003 ( 0.00001) 

0.151 ( 0.061) 

O.OOW3 ( 0.00001) 

0.00000 ( 0.00000) 

0.000 ( 0.000) 

0.00000 ( 0.00000) 

0.00000 ( 0.00000) 

0.000 ( 0.000) 

0.007 ( 1.1735) 

17233.12 

99818.46 

29367.822 

0.125 

0.116 

0.009 

0.000 

0.009 

24.12 

11.768 

68.162 

20.05401 

0.00009 

0.00008 

0.00001 

0.00000 

0.00001 

0.016 
******************************************************************************* 

0 ****************************************************************************** 
PEAK D A I L Y  VALUES FOR YEARS 1 THROUGH 100 

RUNOFF 8.285 30074.0723 

DRAINAGE COLLECTED FROM LAYER 5 0.71752 2604.58472 

PERCOLATION/LEAKAGE THROUGH LAYER 7 0.000003 0.00916 

AVERAGE HEAD ON TOP OF LAYER 6 4.903 
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CASE3D8R 
MAXIMUM HEAD ON TOP OF LAYER 6 

LOCATION OF MAXIMUM HEAD I N  LAYER 5 
(DISTANCE FROM DRAIN) 

DRAINAGE COLLECTED FROM LAYER 12 

PERCOLATION/LEAKAGE THROUGH LAYER 14 

AVERAGE HEAD ON TOP OF LAYER 13 

MAXIMUM HEAD ON TOP OF LAYER 13 

LOCATION OF MAXIMUM HEAD I N  LAYER 12 
(DISTANCE FROM DRAIN) 

DRAINAGE COLLECTED FROM LAYER 15 

PERCOLATION/LEAKAGE THROUGH LAYER 17 

AVERAGE HEAD ON TOP OF LAYER 16 

MAXIMUM HEAD ON TOP OF LAYER 16 

LOCATION OF MAXIMUM HEAD I N  LAYER 15 
(DISTANCE FROM DRAIN) 

SNOW WATER 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 

MINIMUM VEG. SOIL  WATER (VOL/VOL) 

9.401 

12.3 FEET 

0.00000 

0.000000 

0.000 

0.000 

0.0 FEET 

0.00000 

0.000000 

0.000 

0.005 

0.00752 

0.00002 

0.00000 

0.00002 

0.0 FEET 

7.68 27876.4355 

0.3527 

0.1696 

*** Maximum heads are computed using MCEnroe'S equations. *** 
R e f e r e n c e :  Maximum S a t u r a t e d  Depth over Land f i l l  L iner  

by B r u c e  M. McEnroe,  U n i v e r s i t y  o f  K a n s a s  
ASCE Journal o f  E n v i  ronmental E n g i n e e r i n g  
V o l .  119, No. 2, March 1993, pp. 262-270. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 
*****9************************************************************************ 

2 6.4209 0.3058 

3 0.7823 0.1304 

4 1.0800 0.0300 
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5 

6 

7 

8 

9 

10 

11 

12 

13 

,I4 
1s 
16 

17 

SNOW WATER 

CASE3D8R 
0.3845 

0.0000 

10.4275 

4.7160 

4.7160 

31.0080 

4.7160 

0.3840 

0.0000 

0.1875 

0.3840 

0.0000 

15.5512 

0.000 

0.0320 

0.0000 

0.4300 

0.3930 

0.3930 

0.0760 

0.3930 

0.0320 

0.0000 

0.7500 

0.0320 

0.0000 

0.4290 

****************************************************************************** 
*************+***************~************************************************ 
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3 
ADDENDUM TO SECTION 8.1 

(ADDED TO REVISION 1. PACKAGE) 

The Final Design Calculation Package “Leachate Collection System (LCS) Maximum Head 
in the LCS” presented in Section 8.1 evaluated the performance of the drainage layer and drainage 
corridor components of the LCS. Specifically the package estimated (i) average and maximum 
leachate head and liquid thickness for the drainage Iayer; and (ii) average and maximum leachate 
.head and liquid thickness and flow capacity for the drainage corridor. The performance of the 
drainage layer and drainage corridor was evaluated using baseline design flow rates applicable to the 
northernmost and interior OSDF cells (Le., Cells 1 to 7). Baseline design flow rates for the 
southernmost OSDF cell (i.e., Cell 8) are presented in Section 7.4 and will be utilized in this 

package. 

This addendum to Section 8.1 evaluated the performance of the drainage layer and drainage 
corridor for Cell 8. Similar methods and input data to that used in Section 8.1 were used herein. a This addendum is presented as Section 8.4 of the OSDF Final Design Calculation Package, and is 
titled, “Leachate Collection System (LCS) Maximum Head in the LCS - Cell 8 Supplement”. 
Section 8.4 is presented in Volume VI1 of the OSDF Final Design Calculation Package. 
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LEACHATE COLLECTION SYSTEM (LCS) 
MAXIMUM HEAD IN LCS - CELL 8 SUP.PLEMENT 

EXECUTIVE SUMMARY 

PURPOSE OF ANALYSIS 

The purpose of this analysis is to evaluate the performance of the drainage layer and the 
drainage corridor components of the leachate collection system (LCS) for Cell 8 of the Fernald On- 
site Disposal Facility (OSDF). 

METHOD OF ANALYSIS 

Drainage Laver: The maximum and average hydraulic head, and the maximum and average liquid 
thickness in the drainage layer were calculated using the USEPA HELP model and a’closed-form 

@ analytical solution. . 

Drainage Corridor: The maximum and average hydraulic head, and maximum and average liquid 
thickness in the drainage corridor were calculated using a closed-form analytical solution. The flow 
capacity of the drainage corridor was calculated to verify its ability to convey leachate. 

Calculations were performed for the active operation condition and for the post-closure (i.e., 
post-settlement) condition. Baseline design flow rates established in the “Leachate Generation 
Rates - Cell 8 Supplement” Calculation Package were utilized in the calculations. These flow rates 
do not account for large peak flows associated with the storm design basis flow rate. 

CONCLUSIONS 

ACTIVE OPERATION CONDlTION: 

Drainage Layer: 0-3g . . 
. 

maximum leachate head, h,, ==in. < 12 in. (O.K.) 
0.33 

average leachate head, h,, +in. 0138 
maximum liquid thickness, T,, =+%in- 
average liquid thickness, T,, =*in. 

0 -29 
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Drainage Corridor: 3-16 
maximum leachate head, h,, =33.n. < 12 in. (OK.) 

z-33 
average leachate head, havg = W i n .  4.26 
maximum liquid thickness, T m a  +in. 

am33 
average liquid thickness, Tavg =*in. 
drainage corridor capacity, QDC = 23.6 gpm 
required flow capacity, QR =-rn 
flow capacity factor of safe 

3.8 

POST-CLOSURE CONDITION: 

Drainage Layer: 
maximum leachate head, h,, = 3 
average leachate head, h,, = 4 4 4 @  in. 6' OSx 

maximum liquid thickness 
average liquid thickness, Tavg = in. - 6 

Drainage Corridor: 
maximum leachate head, hi,,,=-Skl+F%n. 12 in. (OK)  

M. in. n - g G : X - - l o - 4  average leachate head, havg = . 
in. 3* y2 >( 10 

average liquid thickness, Tavg = 659X1$J in. Z*S6 lo 

&OS x 3 0 

-4 
-4 

-4 

maximum liquid thickness, T m a  = 

drainage corridor capacity, QDC = 9.42 gpm 
required flow capacity, QR = gpm 3.0 9 1 0 

flow capacity factor of safety, QDC/QR = - \ L  

& *pt fACt0r' of sd3e 

-cL 
U 
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LEACHATE COLLECTION SYSTEM (LCS) 

MAXIMUM HEAD IN LCS - CELL 8 SUPPLEMENT 
CALCULATION PROCEDURES 

INTRODUCTION 

The purpose of this package is to present the calculation procedures for the leachate collection 

system for Cell 8 of the OSDF. In particular, this package addresses the following analyses: 

drainage layer (average and maximum leachate head and liquid thickness); and 

drainage corridor (average and maximum leachate head and liquid thickness, and flow 

capacity). 

METHODS OF ANALYSIS 

l)i 
This calculation package uses the same method of analysis as the one presented in Section 8. 

“Leachate Collection System (LCS) Maximum Head in LCS” in the Final Design Calculation Package. 
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LEACHATE COLLECTION SYSTEM (LCS) 
MAXIMUM HEAD IN LCS - CELL 8 SUPPLEMENT 

DATA VERIFICATION 
INTRODUCTION 

The purpose of this package is to present the data parameters needed to perform the calculations 

for the leachate collection system for Cell 8 of the OSDF. In particular, this package addresses the 

foliowing ~ W I ~ S ~ S :  

drainage layer (average and maximum leachate head and liquid thickness); and 

drainage corridor (average and maximum leachate head and liquid thickness, and flow 

capacity). 

In order to perform the analyses the data presented in the Calculation Package “Leachate 
Collection System (LCS) Maximum Head in LCS” is used, except that the slope lengths, cell area, and 
flow rates are revised based on the Calculation Package “Leachate Generation Rates - Cell 8 

&350’ Supplement” as described in the following section. 47-55 

38s *‘e X - 2 ? 8 / .  

d *’ e 2.0 L 
G q s ‘ e  Po./. 

ACTIVE OPERATION CONDITION: 
C 

&e 
DRAINAGE LAYER 

Leachate Head: -54 ’ 
qi = the maximum impingement rate of flow into the drainage layer = 0.0646 in. /day (peak 

value from HELP leachate generation analyses results; Case 1 B) = 1 . 9 ~  I O 6  cdsec  
L = the length of the slope +!7€Ffi (3240 in.) 

I = .L c 4  s 3e5 k= u3cLdIiL i o a L k i d i  t 
DRAINAGE CORRIDOR J 

daily 

Leachate Head: The impingement rate of flow into the drainage corridor is calculated by 
multiplying the impingement rate of flow into the drainage layer by (width of cell / width of drainage 

-5 
corridor). Therefore, s4Q a*J3 0 6*43-&b 

qi & = (0.0646 in./day) x f42HtI 16 A) =M in. /day (peak daily value) =4+hd@ cdsec  
L = the length of the drainage comdor = 625 A (7500 in.) 

Y 
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350' 

62St e 
POST-CLOSURE CONDITION: L & &e 

- w e  3so I @sse 

350 
DRAINAGE LAYER 

TaskNo.: 06 - 

2- 061, 
% 

-6 
Leachate Head: 2-0 
qi = the maximum impingement rate of flow into the drainage layer = .p&t)8;1 in. /day (peak 

daily value from HELP leachate generation analyses results; Case 3D) = fijmlsec 
.5-88% 16 350 

L = the length of the slope 
b= H+lWtlic 

DRAINAGE CORRIDOR 

Leachate Head: The impingement rate of flow into the drainage corridor is calculated by 
multiplying the impingement rate of flow into the drainage layer by (width of cell / width of drainage -3 

y 3 g  x=o -s corridor) as shown _in Figure 2. Therefore, gx- 
-0Xlo '  540 

qi dc = &MiI%./day) x (& ft/ 16 fi) = H x &  in. /day (peak daily value) = 

c d s e c  
Y 

L = the length of the drainage corridor = 625 fl(7500 in.) 
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LEACHATE COLLECTION SYSTEM (LCS) 
MAXIMUM HEAD IN LCS - CELL 8 SUPPLEMENT 

CALCULATION RESULTS 

Hand calculations were performed for the active condition case. A spreadsheet was used to 
repeat the calculations for the active case and perform calculations for post-closure case. These 
calculation results are presented in the following pages. 

e- 

-L 
-- 



= w3* rl c 
0-0038 

0-50 
l l  
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LCS Drainage Laver 

'Ibichess (in.) I 12 
Total Cell Width (A) 540 

12 
540 

Total Cell Length (A) 
Total Cell Area (acre) 
k (cmls) 

650 650 
8.06 8.06 

I 1 

si, (idday) [from HELP) 0.0646 2.00E-06 
,qi, ( c d s )  1.90E-06 5.88E-11 
3, [Giroud et al.] 0.004 0.000 
j [Giroud et al.) 0.982 1 .ooo 
T d L  8.30E-05 2.88 E-09 
Tmax (in.) 0.38 1.21 E-05' 
h, (in.) 
Tmfl, 
Tan (in.) 
h,, (in.) 

5 8 6 5  

0.38 1.21E-Q5 
0.5 0.5 
0.19 6.05E-06 
0.19 6.05E-06 

h, (in.) 
Tmfl, 
Tan (in.) 
h,, (in.) 

0.38 1.21E-Q5 
0.5 0.5 
0.19 6.05E-06 
0.19 6.05E-06 



LCS Drainage Corridor 



\ 
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ADDENDUM TO SECTION 8.3 
(ADDED TO RIEVISION 1 PACKAGE) 

The Final Design Calculation Package “Leachate Collection System (LCS) LCS Pipe 
Design” presented in Section 8.3 evaluated the performance of the LCS collector pipe. The LCS 
pipe flow capacity was compared to the required capacity as part of the evaluation in that 
Calculation Package using baseline design flow rates applicable to the northernmost and interior 
OSDF cells (i.e., Cells f to 7). Baseline design flow rates for the southernmost OSDF cell (Le., Cell 
8) are different fiom that of the other cells, and are presented in Section 7.4. 

This addendum to Section 8.3 evaluated the performance of the LCS collector pipe for Cell 8 
using the baseline flow rates for that cell. Similar methods and input data to that used in Section 8.3 
were used herein. This addendum is presented as Section 8.5 of the OSDF Final Design Calculation 
Package, and is titled, “Leachate Collection System (LCS) LCS Pipe Design - Cell 8 Supplement”. 
Section 8.5 is presented in Volume Vn of the OSDF Final Design Calculation Package. 
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LEACHATE COLLECTION SYSTEM (LCS) 
LCS PIPE DESIGN - CELL 8 SUPPLEMENT 

EXECUTIVE SUMMARY 

PURPOSE OF ANALYSIS 

The purpose of this analysis is to evaluate the performance of the LCS collector pipe for Cell 
8 of the OSDF. The evaluation will be performed for both active operation and post-closure 
conditions . 

METHOD OF mfiysrs  

The flow capacity, perforation size, and structural stability (wall crushing, wall buckling, and 
excessive ring deflection) were calculated for the LCS collector pipe in the Section 8.3, “Leachate 3 Collection System (LCS) LCS Pipe Design” of the Final Design Calculation Package. The 
parameters used to calculate the perforation size and structural stability of the LCS collector pipe 
have not changed. However, the flow capacity of the LCS pipe is compared to the required flow 
capacity for Cell 8 in this Calculation Package. 

CONCLUSIONS 

Pipe flow capacity for active operation condition, Qp = 196.4 g m 

Flow capacity factor of safety for active operation condition, Q,JQpr 

Required flow capacity for post-closure condition, QPr = w g p m  
Flow capacity factor of safety for post-closure condition, QJQpr = 1& >> 10 (OK) 

gpm 2 0  
Required flow capacity for active operation condition, Qpr = %! 

3 (OK) 
Pipe flow capacity for post-closure condition, Qp = 124.2 gpm a * O L f - > W  -4 

+*03K*S 
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CALCULATION PROCEDURES 

INTRODUCTION 

The purpose of this package is to evaluate the factor of safety for flow capacity 

new required flow capacity for Cell 8 with the LCS pipe flow capacity. 

METHOD OF ANALYSIS 

The required flow capacity for Cell 8 was evaluated 

by comparing the 

in Section 8.4, “Leachate Collection System (LCS) 

Maximum Head in LCS - Cell 8 Supplement”. The LCS pipe flow capacity was evaluated in Section 

8.3 “Leachate Collection System (LCS) LCS Pipe Design” of the.Final Design Calculation Package. 3 



1 ‘I GEOSYNTEC CONSULTANTS Page -of - 

WrittenBy: RK Date: 12-03-03 Reviewed by: LMG Date: 12-09-03 

Client: Fluor Femald Project: OSDF - Revised Phase V ProjectProposal No.: GQ3211 TaskNo.: 06 3 
LEACHATE COLLECTION SYSTEM (LCS) 
LCS PIPE DESIGN - CELL 8 SUPPLEMENT 

E- 5865 

DATA VERIFICATION 

Pipe flow capacity (Qp) 

Required flow capacity (Qpr) 

2 3  = I .25 x 10’ m /s (from Calculation Package “Leachate Collection 
System (LCS) LCS Pipe Design” - Section 8.3) ‘ 

=- m3/s (fiom Calculation Package “Leachate Collection 
System (LCS) Maximum Head in LCS - Cell 8 Supplement” - Section 
8.4) 

A=- - .  n 
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LEACHATE COLLECTION SYSTEM (LCS) 
LCS PIPE DESIGN - CELL 8 SUPPLEMENT 

CALCULATION RESULTS 

Hand calculations were performed for the active condition case. A spreadsheet was used to 
repeat the calculations for the active case and perform calculations for the post-closure case. These 
calculation results are presented in the following pages. 
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CCS Piue 

I Parameter I Active I Post-Closure I 
Pipe h e r  Diameter (in.) 
Cross Section Area (in2) 

Hydraulic Radius (in.) 
Cross Section Area (m2) 

5.421 5.421 
23.08 23.08 

1-36 1.36 
1.49E-02 I .49E-02 

3 
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ADDENDUM TO SECTION 9.1 
(ADDED TO REVISION 1 PACKAGE) 

The Calculation Package “Leak Detection System (LDS) Migration through Primary Liner” 
presented in Section 9.1 summarized the analysis of leachate migration through the primary liner 
and into the LDS and discussed other potential sources of flow into the LDS for different stages of 
the life of the Fernald On-site Disposal Facility (OSDF). The leachate migration rates were 
calculated based on a cell 400 feet wide and 6.5 acres in size. This size cell applies to the 
northemmost and interior OSDF cells (Le., Cells 1 to 7). The southernmost OSDF cell @e., Cell 8) 
is sized differently from the other cells. 

This addendum to Section 9.1 summarizes the analysis of leachate migration through the 
primary liner for Cell 8. Similar methods and input data to that used in Section 9.1 were used 
herein. This addendum is presented as Section 9.6 of the OSDF Final Design Calculation Package, 
and is titled, “Leak Detection System (LDS) Migration through Primary Liner - Cell 8 
Supplement”. Section 9.6 is presented in Volume VI1 of the OSDF Final Design Calculation 
Package . 
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LEAK DETECTION SYSTEM (LDS) 
MIGRATION THROUGH PRIMARY LINER - CELL 8 

SUPPLEMENT 
EXECUTIVE SUMMARY 

The purpose of this package is to summarize the analysis of leachate migration through the 
primary liner and into the LDS for Cell 8 of the OSDF. 

METHODS OF ANALYSIS 

The idiltration rate of leachate through the primary liner into the LDS was estimated using 
the USEPA HELP model analysis performed in the “Leachate Generation Rates - Cell 8 
Supplement” Calculation Package. The assumptions made to perform the leachate generation 
analysis were summarized in the “Leak Detection System (LDS) - Migration Through Primary 
Liner” Final Design Calculation Package. The updated results for Cell 8 of the OSDF are presented 
here. 

CONCLUSIONS 

Infiltration rates through the primary iiner are as follows: 
- 4  8-4 X I 0  

=W3 gpad 
7- qc? 

=-ma? 
= 1.9 x 10“ gpad 

Peak daily rate during active conditions 
0 Average annual rate during active conditions 
0 Average annual rate during post-closure conditions 
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MIGRATION THROUGH PRIMARY LINER - CELL 8 
SUPPLEMENT 

CALCULATION PROCEDURES 

INTRODUCTION 

The pwpose of this package is to present the calculation procedures for evaluating the migration 

of leachate through the primary liner. 

METHOD OF ANALYSIS 

Calculation procedures were the same as those presented in Section 9.1 “Leak Detection 
(li System (LDS) - Migration through Primary Liner” Final Design Calculation Package. 
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SUPPLEMENT 
DATA VERIFICATION 

Leachate migration through primary liner analysis was performed as part of Section 7.4 
“Leachate Generation Rates - Cell 8 Supplement” Final Design Calculation Package. The data 
required to perform this analysis is included in that package. A discussion on the variables that have 
the greatest effect on results, namely frequency and size of holes in the geomembrane components 
of the primary liner and quality of contact between the geomembrane and GCL components of the 
primary liner, was presented in Section 9.1 “Leak Detection System (LDS) - Migration through 
Primary Liner - Data Verification” Final Design Calculation Package. The discussion presented in 
that calculation package is applicable to the results presented in this calculation package. 
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SUPPLEMENT 

CALCULATION RESULTS 

Infiltration rates through the primary liner are as follows: 

0 

0 

Peak daily rate during active conditions 
Average annual rate during active conditions 
Average annual rate during post-closure conditions = 1.9 x I O 4  gpad 

Note, that peak daily rate for the post-closure stage cannot be calculated with certainty due to 
rounding errors by the HELP program, but is expected to be greater than 1.9 x 10" gpad. 
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ADDENDUM TO SECTION 9.2 

(ADDED TO REVISION 1 PACKAGE) 

The Calculation Package “Leak Detection System (LDS) Maximum Head in LDS” presented 
in Section 9.2 evaluated the performance of the drainage layer and the drainage corridor components 
of the leak detection system (LDS) for different stages of the life of the Fernald On-site Disposal 
Facility (OSDF). The performance of the drainage layer and drainage corridor was evaluated using 
baseline design flow rates applicable to the northernmost and interior OSDF cells (Le., Cells 1 to 7). 
Baseline design flow rates for the southenunost OSDF cell &e., Cell 8) are presented in Section 7.4 

and will be utilized in this package. 

This addendum to Section 9.2 evaluated the performance of the drainage layer and drainage 
corridor for Cell 8. Similar methods and input data to that used in Section 9.2 were used herein. 
This addendum is presented as Section 9.7 of the OSDF Final Design Calculation Package, and is 
titled, “Leak Detection System (LDS) Maximum Head in LDS - Cell 8 Supplement”. Section 9.7 is 
presented in Volume VI1 of the OSDF Final Design Calculation Package. 
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LEAK DETECTION SYSTEM (LDS) 
MAXIMUM HEAD IN LDS - CELL 8 SUPPLEMENT 

EXECUTIVlE SUMMARY 

PURPOSE OF ANALYSIS 

The purpose of this package is to evaluate the performance of the drainage layer and the 
drainage corridor components of the leak detection system (LDS) for Cell 8 of the OSDF. 

METHODS OF ANALYSIS 

Drainage Layer: The maximum and average thickness of liquid in the LDS drainage layer were 
calculated using a closed-form analytical solution. 

Drainage Corridor: The maximum and average hydraulic head and thickness of liquid in the 
drainage corridor were calculated using a closed-form analytical solution. The flow capacity of the 
drainage corridor was calculated using Darcy’s equation to verify its ability to convey liquid with an 
adequate factor of safety. 

3 

Calculations were performed for the active operation condition and for the post-closure (i.e., 
post-settlement) condition. Baseline design flow rates established in the “Leachate Generation 
Rates - Cell 8 Supplement” Calculation Package were utilized in the calculations. These flow rates 
do not account for large peak flows associated with the storm design basis flow rate. 

CONCLUSIONS 

ACTNE OPERATION CONDITION: 

o*cwiZ,ifb LDS Drainage Laver: 

average thickness of liquid, T,,,, = in. 
maximum thickness of liquid, T,, =4WH in. < 12 in. (OK) 

-6 .  6 - f X r o  l r y  



GEOSYNTEC CONSULTANTS Pane -of 2 %  
Written By : RK Date: 12-03-03 Reviewed by: LMG Date: 12-09-03 

Client: Fluor Fernald Project: OSDF - Revised Phase V ProjecUProposal No.: GQ321 I TaskNo.: 06 3 
5 8 6 5  



3- 1 
Page -of zE- 

5 8 6 5  
GEOSYNTEC CONSULTANTS 

WrittenBy: RK Date: 12-03-03 Reviewed by: LMG Date: 12-09-03 

Client: Fluor Femald Project: OSDF - Revised Phase V Projecflroposal No.: GQ321 I TaskNo.: 06 3 
LEAK DETECTION SYSTEM (LDS) 

MAXIMUM HEAD IN LDS - CELL 8 SUPPLEMENT 
CALCULATION PROCEDURES 

INTRODUCTION 

The purpose of this package is to present the calculation procedures for evaluating the maximum 

head in the LDS. 

METHOD OF ANALYSIS 

The calculation procedures are the same as those presented in Section 9.2 “Leak Detection 

. System (LDS) Maximum Head in LDS” Final Design Calculation Package. lli 
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LEAK DETECTION SYSTEM (LDS) 

MAXIMUM HEAD IN LDS - CELL 8 SUPPLEMENT 
DATA VERIFICATION 

INTRODUCTION 

The purpose of this package is to present the data parameters needed to perform the calculations 

for the LDS for Cell 8 of the OSDF. In particular, this package addresses the following analyses: 

drainage layer (average and maximum liquid thickness); and 

drainage corridor (average and maximum leachate head and liquid thickness, and flow 

capacity). 

In order to perform the analyses the data presented in the Calculation Package “Leachate 
Detection System (LDS) Maximum Head in LDS” is used, except that the slope lengths, cell area, and 
flow rates are revised based on the Calculation Package “Leachate Generation Rates - Cell 8 
Supplement” as described in the following section. *- 350‘ 

=‘e 2% 
4 @ 3.A.t. 7. 
38s \ 

ACTIVE OPERATION CONDITIONS: a4 
f 3 ~ 5  e 625 e r% 

Drainage Laver: 
Q = leakage rate through a hole in the primary liner (assumes 1 hole per acre) 

= 4Sr& gpad average annual daily infiltration calculated using the HELP model) X 1.0 
acres 

= M g p a d  (peak daily infiltration calculated using the HELP model) X 1 .O acres 

’I 5yk- 4 
= e g p d  7 * 5 x \  0- 3pd 

= 6-5x-Hf gpd -3 at0-4 dpd 3e5/ 

)Cl= Hyds...\iL cow.Lcti~r ‘5 = 

8 g X \ o - 9  

L = the horizontal 7 ength of the s pe =4Mbft (3240 in.) 

cw G y9b4 05 Drainage Corridor: 
The impingement rate of flow into the drainage corridor is calculated by multiplying the peak 

daily value from HELP for the drainage layer by a factor (width of cell / width of drainage corridor). 
hpingement rate is.taken equal to the infiltration through the top liner (from HELP calculations 
performed as part of “Leachate Generation Rates - Cell 8 Supplement” Calculation Package). 
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L = the length of the drainage corridor = 625 ft (7500 in.) 

POST-CLOSURE CONDITION: 

Drainage Laver: 
Q = leakage rate through a hole in the primary liner (assumes 1 hole per acre) 

= 1.9~19" gpad (average annual daily infiltration calculated usin the HELP model) 1 d 35.0) 1. 

The impingement rate of flow into the drainage corridor is calculated by multiplying the peak 
daily value from HELP for the drainage layer by a factor (width of cell / width of drainage corridor). 
Impingement rate is taken as equal to the infiltration through the top liner (from HELP calculations 
performed as part of "Leachate Generation Rates - Cell 8 Supplement" Calculation Package). 

qi = the maximum impingement rate of flow into the drainage corridor 
= (1.9 xI04 gpad or 2.5 x lo4 in/yr) x (425-ft / 16 fl) 

L = the length of the drainage corridor = 625 ft (7500 in.) 
- - ~ ~ ~ + ~ l 0 ~ i ~ ~ 8  =To 

04 
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MAXIMUM HEAD IN LDS - CELL 8 SUPPLEMENT (SEE 
VOLUMEVIII) 

CALCULATION R.ESULTS 

Hand calculations were performed for the active condition case. A spread sheet was used to repeat 
the calculations for the active case and perform calculations for post-closure case, These calculation 
results are presented in the following pages. 
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LDS Drainwe Laver 

qi, (idday) [from HELP] 
qi, ( c d s )  

3.30E-08 2.70E-08 5.50E-09 6.80E-09 
9.70E-13 7.94E-13 1.62E-13 2.00E-13 

No of holes per acre 
Q per hole, (ft3h) 
T- (in.) 
M 
Tm.w (in.) 

1 1 1 1 
1.386E-09 1.134E-09 2.311E-10 2.857E-10 

o.oa2 0.002 0.001 0.001 
2.38E-05 2.16E-05 1.18E-05 1.31E-05 
6.39E-06 8.37E-07 5.22E-07 5.8OE-07 



LDS Drainage Corridor 

Parameter 
Drainage Path Length (e) 

I I I 1 
Active Post-Closure 

625 625 
Drainage Path Slope (%) 

Slope Angle (deg) 
Slope Angle (rad) 

~~ 

1 .oo 0.40 
0.01 0.00 
0.57 0.23 

Thickness (in.) I 12 
Total Corridor Width (A) 16 

k ( d s )  
qi, (idday) I 1.11E- 

12 
16 

Total Conidor C/S Area (ff) 16 16 

Total Comdor Plan Area (acre) 0.23 0.23 
,Total Conidor CIS Area (m’) 1.49 1.49 

b [Giroud et al.1 1 .oool l.OO0l 

10 
06 

si, ( c d s )  I 3.27E-11 
X [Giroud et al.] I 3.274E-08 

10 
2.3OE-07 
6.75E-12 

0.000 
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ADDENDUM TO SECTION 9.3 
(ADDED TO REVISION 1 PACKAGE) 

The Calculation Package “Leak Detection System (LDS) Time of Travel in LDS” presented 
in Section 9.3 estimated the maximum time of travel in the leak detection system (LDS) for 
different stages of the life of the Fernald On-site Disposal Facility (OSDF). The times of travel 
were calculated based on a cell 400 feet wide and 6.5 acres in size. This size cell applies to the 
northernmost and interior OSDF cells (Le., Cells 1 to 7). The southernmost OSDF cell (Le., Cell 8) 
is sized differently from the other cells. 

This addendum to Section 9.3 estimated the maximum time of travel in the Ieak detection 
system (LDS) for Cell 8. Similar methods and input data to that used in Section 9.3 were used 
herein. This addendum is presented as Section 9.8 of the OSDF Final Design Calculation Package, 
and is titled, “Leak Detection System (LDS) Time of Travel in LDS”. Section 9.8 is presented in 
Volume VI1 of the OSDF Final Design Calculation Package. 
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EXECUTIVE SUMMARY 

5 8 6 5  

PURPOSE OF ANALYSIS 

The purpose of this package is to estimate the maximum time of travel in the leak detection 
system (LDS) for CelI 8 of the OSDF. In accordance with the Design Criteria Package (DCP), 
REVIE, the maximum time of travel in the LDS should not exceed 20 days. 

METHOD OF ANALYSIS 

The maximum time of travel of liquids in the LDS is estimated for the active operation condition 

and the post-closure condition. Design grades and slopes are utilized for the active operation condition 

and post-settlement grades and slopes are utilized for the post-closure condition. 

CONCLUSIONS 

3-3- &s 
time of travel for active operation condition = < 20 days ( O K )  

time of travel for post-closure condition = 7 ~ 2 0  days 
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INTRODUCTION 

The purpose of this package is to present the calculation procedures for the time of travel in the 

leak detection system (LDS). The LDS drainage corridor is the primary collector and the LDS pipe acts 

as a backup. 

METHOD OF ANALYSIS 

The calculation procedures are the same as those presented in Section 9.3, “Leachate Detection 3 System (LDS) Time of Travel in LDS” of the Final Design Calculation Package. 
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LEAK DETECTION SYSTEM (LDS) 

TIME OF TRAVEL m LDS - CELL 8 SUPPLEMENT 
DATA VERIFICATION 

INTRODUCTION 

As described in the calculation procedures package, an analysis of the time of travel in the LDS 
will be performed. 

Ln order to perform the analyses the data described in the Final Design Calculation Package 
“Leachate Detection System (LDS) Time of Travel in LDS” is used, except that the drainage path 
lengths are changed as described below to reflect the new geometry of Cell 8. 

ACTIVE OPERATION CONDITION: 

Time of Travel in the LDS Drainage Layer: 385 
LDL = length of flow in the LDS drainage layer e f t  

Time of Travel in the LDS Drainape Corridor: 
LDC = length of flow in the drainage corridor = S H - 3 f t  c 465 f* 

7 6 2 5 -  

Time of Travel in the LDS Collector Pipe: 
k p  = length of LDS collector pipe = W3-43- +6s ikt 

Time of Travel in the LDS Pipe (Extending from outside the cell to Valve House 8 (VH-8)): 
L, = length of LDS pipe extending from outside the cell to VH-8 = 180 ft 

POST-CLOSURE CONDITION: 

Time of Travel in the LDS Drainape Layer: 

LDL = length of flow in the LDS =2451ft 3 5 $t 
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Time of Travel in the LDS Drainage Corridor: 
LDC = length of flow in the drainage corridor =+Ri+t. 6 2 5 3t 

Time of Travel in the LDS Collector Pipe: 
h p  = length of LDS collector pipe =* 6 2 5 -3- t 

Time of Travel in the LDS Pipe (Extending from outside the cell to Valve House 8 WH-8)): 
Lp = length of LDS pipe extending from outside the cell to VH-8 = 180 ft 
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LEAK DETECTION SYSTEM (LDS) 

TIME OF TRAVEL IN LDS - CELL 8 SUPPLEMENT (SEE 
VOLUME VIII) 

CALCULATION RESULTS 
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ADDENDUM TO SECTION 9.4 

(ADDED TO REVISION 1 PACKAGE) 

The Final Design Calculation Package “Leak Detection System (LDS) LDS Pipe Design” 
presented in Section 9.4 evaluated the performance of the LDS collector pipe for the OSDF. The 
LDS pipe flow capacity was compared to the required capacity as part of the evaluation in that 
Calculation Package using the leakage rates applicable to the northernmost and interior OSDF cells 
(Le-, Cells 1 to 7). Leakage rates for the southernmost OSDF cell (i.e., Cell 8) are different from 
that of the other cells, and are presented in Section 7.4. 

This addendum to Section 9.4 evaluated the performance of the LDS collector pipe for Cell 
8 using the leakage rates for that cell. Similar methods and input data to that used in Section 9.4 
were used herein. This addendum is presented as Section 9.9 of the OSDF Final Design Calculation 
Package, and is titled, “Leak Detection System (LDS) LDS Pipe Design - Cell 8 Supplement”. 
Section 9.9 is presented in Volume VI1 of the OSDF Final Design Calculation Package. 3 
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LEAK DETECTION SYSTEM (LDS) 

LDS PIPE DESIGN - CELL 8 SUPPLEMENT 
EXECUTIVE SUMMARY 

PURPOSE OF ANALYSIS 

The purpose of this analysis is to evaluate the performance of the LDS collector pipe for Cell 
8 of the OSDF. The evaluation will be performed for both active operation and post-closure 
conditions. 

METHOD OF ANALYSIS 

The flow capacity, perforation size, and structural stability (wall crushing, wall buckling, and 
excessive ring deflection) were calculated for the LDS collector pipe in the Section 9.4, “Leak 
Detection System (LDS) LDS Pipe Design” of the Final Design Calculation Package. The 
parameters used to calculate the perforation size and structural stability of the LDS collector pipe 
have not changed. However, the flow capacity of the LDS pipe is compared to the required flow 
capacity for Cell 8 in this Calculation Package. 

3 

CONCLUSIONS 

0 pipe flow capacity for active operation condition, Qp = 198 gpm --G 
required flow capacity for active operation condition, QR +k?WlTf gpm 3 r-s)( I O  J f d U  

0 flow capacity factor of safety for active operation condition, QdQpr= 684d >>3 (OK) 

required flow capacity for post-closure condition, QR = tkk€-t$ gpm 
flow capacity factor of safety for post-closure condition, QdQpr =csxfea >> 10 (OK) 

0 pipe flow capacity for post-closure condition, Qp = 124 gpm 3.92 x\op 

9p- 1.03X((7C 
0 

r - s X  ID8 



GEOSYNTEC CONSULTANTS 3 - RbF aae -of a, -, 3, 

Date: 12-03-03 Reviewed by: LMG Date: 12-09-03 WrittenBy: RK 

Client: Fluor Femald Project: OSDF- Revised Phase V ProjecVProposal No.: GQ321 I TaskNo.: 06 3 
LEAK DETECTION SYSTEM (LDS) 

LDS PIPE DESIGN - CELL 8 SUPPLEMENT 
CALCULATION PROCEDURES 

INTRODUCTION 

The purpose of this package is to evaluate the factor of safety for flow capacity by comparing the 

new required flow capacity for Cell 8 with the LDS pipe flow capacity. 

METHOD OF ANALYSIS 

The required flow capacity for Cell 8 was evaluated in Section 9.7 “Leak Detection System 
(LDS) Maximum Head in LDS - Celt 8 Supplement” of the Final Design Calculation Package. The 
LDS pipe flow capacity was evaluated Section 9.4 “Leak Detection System (LDS) LDS Pipe Design” of 
the Final Design Calculation Package. 

3 
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LEAK DETECTION SYSTEM (LDS) 
LDS PIPE DESIGN - CELL 8 SUPPLEMENT 

DATA VERIFICATION 

Pipe flow capacity (Qp) -2 3 = 1.25 x 10 m Is (from Calculation Package “Leak Detection System 
(LDS) LDS Pipe Design” - Section 9.4) 

3 *a2 g I? 
Required flow capacity (Qpr) =- . m3/s (from Calculation Package “Leak Detection System 

(LDS) Maximum Head in LDS” - Celt 8 Supplement” - Section 9.7) 
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LDS PIPE DESIGN - CELL 8 SUPPLEMENT 
CALCULATION RESULTS 

Hand calculations were performed for the active condition case. A spread sheet was used to repeat 
the calculations for the active case and perform calculations for the post-closure case. These calculation 
resuJts are presented in the following pages. 



GEOSYNTEC CONSULTANTS 7 58 6 5page 2 of 3 
Date: O3/ b!J 03 Date: 03 I 15 1 03 Reviewed . by: hz 

YY MM DD YY MM DD 
Written by: 

Client: fLd F w n A  6q TaskNo.: 6Gs 3 



LDS PiDe 





12.5 OSDF PHASE V, SURFACE-WATER 
MANAGEMENT SYSTEM DESIGN AND 
POST-CLOSURE HYDROLOGY 



42% 5865 COMPUTATION COVER SHEET 
L 

SUBJJICT OF COMPUTATIONS OSDF PHASE V, SURFACE-WATER MANAGEMENT SYSTEM 
DESIGN AM) POST-CLOSURE HYDROLOGY 

bornputations By: 
(Cognizant Engineer) 

Assumptions 
and Procedures 
Checked By: 
(Checker) 

Computations 
Checked by: 

Corn pu tat ions 
Backchecked by: 
(Cognizant Engineer) 

4pproved by: 
?W 

hpproved by: 
DTLmETL) 

Date 
Printed Name Victoria S. Cheplak 
and Title Senior Staff Engineer 

Signature 
Date 

and Title Senior Engineer 

Signature &iwm 1-2i-04 
Printed Name Hollie Kinnecom 
and Title Staff Engineer 

Date 

I- 21- 0 4 
Date 

Printed Name Victoria S. Cheplak 
and Title Senior Staff Engineer 

Signature /-2/-09 
Date 

Printed Name 
and Title Senior Engineer 

Signature & & 
Printed Name R. Bomparte 
and Title Engineer of Record 

aecord of Revision (Number and initial all revisions) 

B 
0330030-100% 



GEOSYNTEC CONSULTANTS PAGE OF 
Written by: Victoria Cheplak NSC) Date: 6/16/04 Reviewed by: Date: 

Client: Fluor Fernald, Inc. Projeck OSDF Phase V. Revision 2A . Cell 8 Exaansion DCN Project No.: GO3309 Task No.:_2JE 
!s 5 9 5 5 

ADDENDUM TO SECTION 12.5 3 
(REVISION 2A DUE TO CELL 8 EXPANSION DCN) 

This addendum details the calculations that were revised within Section 12.5, OSDF Phase 
V, Surface-Water Management System Design and Post-Closure Hydrology, of the Final Design 
Calculation Package for the Fernald Environmental Management Project (FlEMP), due to the re- 
design of Cell 8. This re-design, referred to as the Cell 8 Expansion DCN, encompasses the 
extension of Cell 8 by approximately 100-feet to the South. This addendum discusses the 
modifications made to this calculation package as Revision 2A and as associated with this DCN. 

For Revision 2A to this calculation package, the critical case for the Surface-Water 
Management System Design was evaluated to confirm compliance with the Surface-Water 
Management and Erosion Control (SWMEC) Plan and the OSDF Design Criteria Package 
(DCP). This critical case is presented as the Construction Design Scenario, which considers the 
25-YearY 24-Hour Storm. The surface water management system was modified to reflect the 
design changes resulting from the expansion of Cell 8 and analyzed to verify the adequacy of the 
designed surface water management features. For this submittal, only the East and West OSDF 
Construction Design Scenarios were modified; it should be noted that Design Cases A through C, 
detailed in this section, are not impacted, and therefore, are not presented. 

In order to present the results of this DCN analysis in an efficient manner, only the 
attachments that summarize the modifications and updated results for the surface water 
management system with regard to the DCN are presented. These attachments are listed 
subsequently and explained in further detail. 

Attachment A-2 - Layout of Design Scenario and Design Case SWM System. 
These layouts demonstrate the revised configuration of the OSDF. Each surface 
water structure is labeled as identified in the hydrologic analysis. 

Attachment A-8 - Nodal Network Diagrams. These diagrams demonstrate the 
revised configuration of the surface water management system as a result of the 
DCN. 

Attachment B-4 - Data for Time of Concentration Calculations. These data 
demonstrate the revised flow paths used to calculate the time of concentration for the 
revised configuration of subcatchments used in the hydrologic analysis. 

Attachment C-1A - HydroCAD Output Reports - 25-Year, 24-Hour Storm 
- 

Event, East OSDF Construction-Phase Design Scenario. This attachment 

b GQ3309/FOQ20008 
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provides the results of the hydrologic modeling for the East OSDF Construction = 596:; 
Design Scenario for the 25-Year, 24-Hour Storm, considered the critical case for 
these calculations. 

3 
Attachment C-1B - HydroCAD Output Reports - 25-Year, 24-Hour Storm 
Event, West OSDF Construction-Phase Design Scenario. This attachment 
provides the results of the hydrologic modeling for the West OSDF Construction 
Design Scenario for the 25-Year, 24-Hour Storm, considered the critical case for 
these calculations. 

= Attachment C-2 - Weighted Curve Number Calcufations. These calculations 
present the revised areas and Curve Numbers for the revised configuration of 
subcatchments used in the hydrologic analysis. 

Attachment C-3 - Tabulated Analysis Results for Channels. These results 
present the revised channel characteristics (Le., geometry), flow within each channel, 
and hydraulic characteristics including peak flow depth and available freeboard, for 
the revised configuration of channels used in  the hydrologic and hydraulic analysis. 
The table has been modified to reflect these results for the East OSDF and West 
OSDF Construction Design Scenario only. The remainder of the table (Le., features 
that have not been modified), has been shaded in gray. 

= Attachment C 4 A  - CulvertMaster Output Reports for Culverts. These reports 
present the hydraulic analysis for the culverts. These reports are provided only for 
those culverts in the East and West OSDF Construction Design Scenario that were 
modified in design or were impacted by the DCN through altered flow rates. 

Attachment C-4B - Tabulated Analysis Results for Culverts. These results 
present the revised physical characteristics (i.e., geometry) and profile (i.e., inverts) 
of the revised configuration of culverts. The results also present the hydraulic 
capacity, structural capacity, and required outlet protection for these culverts as a 
result of flows analyzed based on the DCN. The table has been modified to reflect 
these results for the East OSDF and West OSDF Construction Design Scenario only. 
The remainder of the table (i.e., the features that have not been modified) has been 
shaded in gray. 

Based on the analyses for the design change of the expansion of Cell 8, all channels and 
culverts are designed in accordance with the requirements of the SWMEC Plan and the DCP. 
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Drainage Diagram for West OSDF 
Prepared by GeoSyntec Consultants 6/14/2004 

HydroCADB 6.00 s/n 000929 0 1986-ZOO1 Applied Microcomputer SyGtms 
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H,.drcCAD@6OO slnoM929 et9862001 ~p6edMicrocanmterSmlwns 1- 
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lc.25.4min W.77 Area=O925ac Rmonn2.1Dch 0.182d 

Subcalchmont F v e g a l e d  Rnd covw 
lc=19.7mk CN=83 Area=5.053 ac R u d =  16.35cfr 1.217 a1 

Subce(chmen( F R :  unvegelaled hnal cover system 
1 ~ 4 . 6  m k  CN.89 Arsa=4,670ac RmoII= 29.08 d s  1.356 a1 

Subcalchmnl G: vegelaled final cover 
Tc=19.8mk CU.83 PUea=5,JOac Runoff= 17.13da 1279al 

Subcachmnl GGR: connrucUOn laydam area 
Tc.23.3 m a  CN-78 Area=2.620 BC Runoil= 6.52 di  0.534 81 

Subcalchmtnl HH: runon norVl of barow area 
Tc=lJ.Omin CN-79 hea=0.5P6nc R u d =  1.&56c(8 0.116al 

SubiA-t Q nmm n o n h o l b a r w  area 
Tc'31.8min CN.72 Area=7.7Wec RumW=12.29ds 1 . 2 5 2 I  

Subcatchmnt R: lunm nMh ol borrow area 
Tc=21.6min CN.74 hea=Z.612ac Rundlc.5.83ds 0.480al 

Subcatchrnenl S: runon n M h  Ot borrow wen 
' lc=Z7.9nrin CN-78 hea.0.402 IY: RMon= 0.89 do 0.oBzel 

Subcatchmnl U: runon earl oIOSDF 
Tc=32,3min CN.72 &ea=4.l400~ Runoff= 8 . ~ 7 d s  0.674 ai 

Subcatchment V: direcl mon 10 pond 
Tc=l.Omin CN-98 Area.0.274 k RwH-  2.03ds 0.102a1 

Subcatchment W: runon earl ol OSDF 
Ic=l?.6mh CN.72 Area010 593 ac Rvnolf- 28.88 cis 1.731 al 

Subcalchment X runon easl 01 OSLW 
Tc*33.4min CN=7I hea=l1.853ac R d =  17.50ds 1.851 

Subdchnwnl Y runon area east ol OSDF 
Tc=36.8min CN.73 Area=6,522r RutmU=9.84da 1.101 d 

Subcstchmenl z: lullon area east ol OSDF 
Tc=23.7 mln CN.72 A1ea~l.606 ac R M  3.11 dr 0.262el 

Inhue 10.81 Q 0.758 a1 
LnpU1=4Z0.0 MaxVeC2,Ilpa CaOadtp754.76de oumo*-lO.Wdr 0.7588( 

fbaeh t ead drainage channel 

Reach IR: (mw node) In- 6.61 da 0.691 al 
Len@= tW.O Mar Vel- 5.4 lpa Capacicp l.1Ol.lZ d a  011-6.59 d r  0.693al 

-28.57 d s  2.OlOal 
Leqlh- 420.0' Mal Vela 2.7 Ips Capscilp 1.205.88 dr OtdlhW~ 25.59 d s  2.005 af 

Ueach 2: e&l dralnaga channal 

Reach ZR: (MH node) bfiar= 3.30 C b  0.102 a1 
Lsngtw 100.0' M a x  Vel- 4.31~1 C ~ a c i Q =  1,101.12 d a  0- 3.25 CIS 0.192 sl 

In- 40.77 CIS 3.241 a1 
L m s  420.0' Mar Vel= 3.3 Ips Cap- 1,56367 CIS Ournap 38.76 d a  3.234 I 

In- 3.78 d B  0.162 I 
1-m- 1W.U Max Vet= 4.5 (pa CaPaclF 1.1Ol.U ds Dutl&u. 3.72d0 0.182al 

Inda*o53.10ds 4.481 I 
Lenpmr 42o.U Yar Vd= 5 5 Ips CapadF I.106.53ds OuUlav 52.07 d. 4.451 I 

Reach t e a  dralnags channel 

.": ,-mde, 

Reach 4: e m  Q a l ~ g e  channel 

EASTOS-1 Jype 11 24-hr Rainfalk4.70' 
Prepared by Gaosyntec Consultants PaBe 2 
WOGW@6OO Shoo0929 819862001 WiedUiaomnwterSyslans 121912004 

Subcalchmnt HR: urw.getated Rnal wvor 
Tc=3.2 mn CN=89 AnU=4.590 ac Runoff= 28.80 d s  1.333 a1 

Subcalchmenl LI: m n m  area to borrow afea 
T C = ~  o min CN=@ mea=i ,669 LY: R-II= 2-75 CIS 0.230 SI 

SubcalEhmen( IR: M vegmed Rnal UIW 

Subcatchnnl JJ: runon area to bwrow area 

Tc=2.1 mm CN-69 Area=0.71Oac Runon=4.41 us 0.206aI 

Tc-41.9 mh CN=62 AreaQ.914 ac RumW= 0.69 CIS 0.094 bl 

Subcatchment JR: urrvegstaledflnal COWI 
Tc=34min CN-89 Area=2.4Wk Runon= 14.98 dr 0.69781 

Subcatchment KK: funon area to barow area 
Tc=36.4 min CN-64 Areo=5.893 ac Rmolt; 5.63 ds 0.674 81 

Subcatchment L w m n  norch ofborrow area 
1 ~ 1 5 . 4  mm CN=76 Area=1.683 ac RumW= 4.88 d r  0.320 af 

Subcatchment L L  rundl aren 
Tc=28.l min CN=61 lrea=7.043bc fiu~n=6.61 d s  0.693d 

Subcatchment M: nmon norVl ol borrow area 
Tc'12.1 mm CN=79 lvea=l.000ac RmoU= 5.80cls 0.212al 

Subo(chmnt MY: runoti mea 
TceS.9 min CN=61 &ea=l.943w Runon= 3.3ods 0.192d 

Subcstchmnl N: dred NnOn to pond 
T-t.0 min CN=98 Arla=7.818 M R d =  51.89 ds 2.908 a1 

Subwlchmnt NN runoff area 
Ts4.4 min CN=66 hen-1.274 bc Rmofl= 3.78 u s  0.162 a1 

Subcatchmcnl 0: runon norlh of h o w  area 
Tc=I.3min CN=79 Area-1.3170~ RunoU=6.54ds 0.279al 

SubcnlchnM 00: wnm area to bonow area 
Trz5.4mln CN-Ea AIea-0.399ac R u n d l m  1.OBda 0.051al 

Subkatchmnl p: runm norlh of bDRow area 
TC-33.7 min CN-75 Alss=5.238 ac l?moIl= 9.16 ds 0.955 el 

Subwtchmenl PP: vegetated bonorr area 
Tcr65.5 min CN.64 Area'40.W BC Runoff- 25.40 cis 4.631 al 

%- 

EASTOS-1 Type I/ 24-hi Rein/all=d TO' 
page 4 Prepared by GsoSvIec Consullanls 

W o C A W 6 . W  Shoo0929 EJ 1086-2001 tu%%hdMicrarmWuter Smtems 

Reach 5: ean drdnap channel 

1- 

Mow. 63.69 ds 5 . m  E l  
Lsngih= 440.0' Max Vel= 3.5 Ips Capacily= 182.58 d s  ou((laff 62.69 dl 5.6SBaf 

lnbw 73.28 ds 6.935~1 
Length= 480.0' a Vel= 4.6 1 p  Cepac!Jy= 25&2( dr 72.46 d% 6.923 s( 

lnllovn 75.24 d s  8.256af 
Len@= 467.0' Mal Vel= 3.6 Ips Capacihp 1.152.93cte Outllolr 74.27 CIS 8.230aI 

Mow? 76.85 cia 9.594 el 
Lan#lh*Wl.U MaxVd=3.1Ip CapncitV; 1.600.80da Oumar=76,26cla 9.583I  

Inllav= 76.73 dp 9.859 81 
Len@= 144.0' Max Vel- 3.6 Ips Capaulp 425.10 ds Dunlow- - 76.33 di 9.852 a1 

mr)ap 76.67 dr 10.058 el 
Lenglhn 358.0' Mar VeIs 7.B Ips Capodcr 1.940.52 d s  Ourno*. 76.32 di 10.049 €4 

wbrp 77.31 ds 10.743& 
LengO~142.W MsxVsl-4.7Ipp. Capady-331.10ds Ovmar 77.Wds 10.737al 

R e d  11: new CUP arch l n b  79.65ds t1.270at 
Lmglh-40.0' MarVel=6.7fpo Capacily= 522.31 ds OuUlovn 78.58 CIS tt.269;a 

Reach 1ZR: rundl dlvanlon channel Inllo*i 79.58 cla 11.269 I 
Leng(h= 240.0' Mas Vel= 3.7 Ips Capacn~ 317.79 CIS Ou(R0r 79.11 cis 11.254al 

Reach 13R: runolfaVerrlon Ehenmf I- 145.1Qds 2t.222al 
Le-= 450.C Mar Vel- 4.3 (pr Cap- 346.63 d s  D u t W  144.38 d r  21.1 70 al 

0.52 d8 0.OW al 

Reach 8: easl drainage channel 

Reach MIon diversion channel 

Reach 8R: nmolf dlraaion shsnnol 

Reach OR: nmoffdimston chsnnd 

Reach IOAR: [mw node) 

Read, IOQR:  nmM dhralon channel 

A& 1 4  rasl MM channel 
L e =  420.U Mar Vel.O.9& Copacav 22.78 d s  Oumarp 0.38 cls 0.025d 

In(lar0 3.20 d o  0.169 .d 
LsngW420.0' HaxVel=1.8lpr Capac(hl;61.62cls ~ 2 . 8 2 d s  0.lBsal 

)n(lar= 9.76 ds 0.W al 
Lcngchr42O.U MaaVol--2.6(ps Capaclyi258.58ds Oumar-9.33ds 0 . 6 B l I  

Innow= 12.43ds 0.823al 
LsnpYI. 420.0' Max Vel= 3.2 Ips Capscay- 436.18 d n  OVmavE 12.07 d s  0.821 el 

Inbur= 21.43 d r  2.022 a( 
len~lh*UO.U UaxVd*3.7(pr Cap.e(rl69.2Ods OuiIkw=ZO.€?3ds 2 . 0 l 7 d  

Iidlu- 58.43 d s  3.860 al 
lCngW470.0 MaxW=2.8lps Cap&ty=@ll.l2d~ Outilmw37.75ds 3.856al 

Reach 15: east nmm channel 

e a c h  1 6  easl runan channel 

Reach IT: east mon cJunnsl 

ROaLh16 east monrtunnal 

Roach 1 9  east runm channel 



STOS-1 T p  / I  26hr RainfaU=C 70' 
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9 c C W 6 0 0  rJnOm929 QlSE52001 AwdiedMiqommpulwS*.lmt 12IOmM4 
'repared by GeoSyntec Consultants 

Subcatchment 88: runon east 41 OSDF 

U d  3 . 0 3 d S g  1Z.Ollus. Volume* 0.16lal 

m d ~  by Scs TR-20 methcd. UH=SCS. r m  Span- 0.00-24.00 hn. dt= 0.05 hn 
ypeU 24-hr Rainfall-4.70- 

CN DesuiMbn y"::: 79 

c ~enga~  ?.)ope v- ~ s p a ~ a y  DescriptiM 
(min) (feet) (Nn) (Nsecl (CIS) 

6.7 110 0.08oO 0.3 ' Sheel Flow. 

2.4 360 O.OO40 2.5 22.78 TrapNcelRbdChanneIFlow. 

9.1 470 Told 

Grass: Short n= 0.150 P2= 2.60' 

Bot.w=o.oo' O = ~ W  Z= 3.015.07 n= 0.030 

Subcatchmen1 BB: runon east of OSDF 
Hydrwnph Plol 

I I -  

Type ll 24h RalnfaU==, 7(P 
psee 11 

1- 
&ad by GeoSyntec Consdunk  
gr- 6.00 dn ooC91s 0 lS&?Wl Apched ulpaompltw $*stars 

Subcatchment CC: runon east of OSDF 

mn = 0.52ck@ 11.88m. V d m =  0.026ei 

rrolrb scs TR-XI ma~hoa. UH=SCS. T i  span= 0.00.24.00hrs. m- 0.05m 
m N 2 4 h  RaInfaB4.7W 

&ea(acl m Descripltbn 
0.121 79 

Tc Lenp(h slope Velany CapiKnV Dan+pbcm 

6.7 110 0.08M) 0.3 ~hes( Aq. 
min) (feel) rwn, ( h l s g l  (Ch) 

-sa:& n = o . i w  P Z ~  2.60. 

Subcatchment CC: mnon e851 of OSDF 
W o P n p h P ~  

WTOS-1. ' 

tiWoCAaTp6.00 rJnoM92Q 8 1985mOl AppliedMiacccmplter S n t a s  

Tvpe I /  24hr Raidall==. 70' 
Page IO 

1- 
Prepared by GeoSyntec Consultants 

Subcatchment C: vegetated final cover 

RumH 16.37 CIS Q 12.13 hrs. Vahane= 1.255al 

R m H  by SCS TR-20 method. UH=SCS. T I  Spans 0.00-24.00 hrs. dl= 0.05 hn, 
Type I I  2441 Rainlall=4.70' 

Afea(ac) CN Descriplion 
5.209 83 

7c Lenglh Slope Velocity Capacity OercripIion 

6.9 90 0.05oO 0.2 Sheet F l W .  

3.8 60 0.1000 0.3 Shml Flow. 

6.4 150 0.1700 0.4 sheel flow. 

0.4 170 0.1700 6.6 Shallow Concmlraled Flow. 

3.2 400 0.0045 2.1 10.88 TrapNee/RRecCChalvlflow. 

(win) (feet) IM1) (fUufec) (CIS) 

&ais: shor( n-0.150 PZ= 2.80' 

Grass: Shod n= 0.150 P2= 2.60' 

Gram: Short n= 0.150 P2= 2.6W 

Unplved K w ~  16.1 C ~ S  

l3ol.W=O.oa' D=l.OZ Z= 6.0 I4.07 n= 0.030 
20.7 870 Tala1 

Subcalchrnenl C: wgelaled final cover 

. . . . . . . . . . . . . . . . . . . . . .  
Hydrwrapll mol 

. . . . . . . . . . .  

. . . . . . . . . . . . . .  

. . . . . . . . . . .  
. . . . . . . . .  . .  , .  .............. 

0 I 2 3 4 S 8 1 8 D I O  I t  I 7  t3 I 4  73 16 I T  18 19 m I $  22 23 1 4  
rm 1-1 

EASTOS-1 Tvpe N 24-hr Raln/8/1=4.70' 
Prepared by GeoSyntec Consultants Page 12 
WOcADBB.CI0 rln wo929 0 19fJ62ool MiumnnpAula Svslans 1 m m  

Subcatchment D: vegetated final cover 

Rumff = 16.39cls@ 12.13hrs. Volume- I.238al 

RunoR by SCS TR-20 mhod. UH=SCS. lime Span= 0.00-24.00 hrs. a= 0.05 hn 
Type II 2#rRaidaU=4.70~ 

&aa(ac) CN DescrtDlim 
5.131 0 

Tc Length S W  Vsbcily cepecity Descfiiliin 

6.9 90 0.05oO 0.2 ShefJiFkV. 

3.6 MI 0.1M)o 0.3 shed Flow. 

6.4 150 0.1700 0.4 

0.4 I70 0.1100 6.6 S ~ c m - e d F k l w .  

1.7 250 0.0045 2.4 16.10 TsapNeslRectChmnelF)ar, 

0.9 150 0.0050 2.9 25.90 TrapA'&Ra(Chanrw(flow. 

(mill) ((e&) (Wnl (Wsec) (CIS) 

oras: slwl n- 0.150 P2- 2.60- 

Grass: Shat n= 0.150 PZ- 2.60' EZz:% n=o.150 P2= 2.6O' 

vnpaved Kv= 16.1 Ips 

Bo(.W.O.OU -1.29 2. 5.0 6 3.07 fl= 0.030 

Bo(.W-0.W' 0.1.W Z- 4.0 6 3.0 'r n m  0.030 
20.t 870 Told 

Subcatchmenl D: vegetated final cover 

. . . . . . . .  . . . . . . . . . . . . .  i . . : . .  . . . . . . .  . . . . . . .  . .  
Hydtopraph Pk4 

. .  

. . . . . . . . . . .  

. . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

o I I 3 4 8 6 7 8 v ID 11 IZ IJ 14 15 16 I? $8 11) m 11 n n t 4  - I-) 
I 



wos-l Jype II 26hr Ramfalt4.70' 
epared by Gaosynlec Consultants Page 17 
droCACQ6a) dnwo929 0 1 4 8 6 2 0 0 1 ~  MiaOeaDular smems 1- 

Subcatchment FFR: unvcgotated final cover system 

I] Hnd: Tc<Zdl may reguke smanar dl 

nofl = m.wcct@ ii.w~rs. vdme; i.358ar 

TC Leyllh Slope Vebchy Capacity DrYwriflDn 

0.9 90 0.0500 1.8 S M  flow. 

0.4 50 O.IOO0 2 1  S b l  Flow. 

0.8 164 0.1700 3.2 shn( now, 

min) ( lea l  ((vlt) (Ivsec) [ds) 

Smo~uI  swiacm n= 0.01 1 P2= 2.60- 

Smmvl id- n= 0.01 I PZo 2.60' 

Smodhurfaces n= 0.011 P2= 2.60' 

UnpawJ Kv= 16.1 fps 
0.3 Im 0.1700 6.6 Sh.llowCmcentratodFlorr. 

0.0 12 0.0500 4.5 Shallow Conumuatcd Flow. 

1.2 487 0.0050 6.7 914.80 TrspNHIRectCChnnelFla. 

3.6 896 Total 

paved KV= 20.3 IPS 

BocW=O.W D=5.4(1 2.6.0 6 3.0 7 n= 0.030 

Subcatchment G vegetated anal cover 

lon = i r . c i d s @  12.12hn.v0lme= 1.279al 

rn I1 24-tu Ralnfdl=4.70' 

Arealac) CN D?sufW 

p n b y S ~ T R . ~ ~ . U n - S C S . T i n u , S p s n = O . M 2 4 . ~ h r a , d l = O . O 5 h r S  

5.309 83 

Tc Length Sbpe VelalCy Capacity DBlcrlPliOn 
mbl) (leal IAm) IW8eC) Ids)  
6.9 90 0.oU)o 0.2 shael Fbw. 

3.8 60 0.lOOO 0.3 sheet Row. 

6.4 150 0.1700 0.4 Shed Flow. 

(;rars:short n=0.150 PZ= 2 . W  

Grass: Shon n= 0.150 P2= 2.80' 

G w :  short n= 0.160 P2= 2.60' 

W S d  Kv= 16.1 Ips 

Bol.W=O.o(I D=I.W t = 4 . 0 & 3 0 7  n=0.030 

0.4 170 0.1700 6.6 BhdJow c-ated Flow. 

2.3 410 0 . W .  2.9 28.33 TnpNrrlRDdChpvulfla. 

19.8 880 T&l 

EASTOS-1 Type If 24-hr RalnlalP4.70' 
Page 18 Prepared by GeaSynfec Consullants 

HydroCAm 6 0  Sh W 2 9  0 19882001 WMSd M i M r m D U l C f  S@Oll, 12mtiQO4 

Subcatchmen1 FFR unvegetated final cover system 

Subc&chment GGR: COIIS~NCIIOI~ laydown araa 

W w w h  Pkt 
......... .:._i ........................ i ........... :. . . . . . . . . . . . . .  . . .  . . . .  

Subcatchmen1 G vegelated final cover 
Hydrwanh P)o( 

. . . . . . . . . . . . . .  

. . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  
. , (  ............................ 



23.s 300 0.0250 0.2 shed Fkr. 
Olasr: Shon ne 0 1 5 0  P2.2.60- 

w e d  Kv= 18.1 IPS 

W V e d  Kv.16.1tPa 

0.3 40' 0.0250 2.5 8kaLlw c e b d  nw, 

0.3 110 0.1660 6.6 yul(ar-nou. 
17.4 BIO 0.0025 0.8 sh.Ha, ConOcntra(ed now. 
4S.B 1290 Tdal 

Unpaved Kv= 16.1 fPS 

Subdchment JJ: runon ama lo bwow area 

Subcatchment un-vsgatated flnal cover 

I , . . , .  

HydWwh Plot 

, .  ............ ........................ ! . .  . . . . .  '..;..!..>.., ..... . .  
, .  

. _ . . . I  ...._. ...., m.. .... ~. .... >..:..;..;..;..; ..... 
. I  I I . I  . . . . . . . . . . . . . . . . . . . . . . . . . .  . .& ..... 

I . . .  t ~ ' ~ 1 ~ : ~  ,;.,;. , 
. . . . . . . . . . . .  
..... ......., ... . . .  

. . .  
, .. 

1. I 

. . . . . .  . . . .  
. . . .  . .  . ,  . . . .  . . . . .  , ...... _ , . _ _ _ .  

, . . . . . . . . . . .  . 1.: . .  <..I. 

. . . .  

- 1-1 

EASTOS-1 Type N 24-h RainfM+. 7W 
Prepared by GeoSynlec Cmsultanls r%m= 
H@oCAlXbB.W rJnooo929 gl lSll62001 Apdkd M i a ~ w t e f S w e m s  

Subcatchment JR un-vegetated final cow 

[491 Hinl: TccZdl may requlre smaner dl 

Ruroff = 14.08cfs@ 11.94k.  Volume. 0.697al 

Rllmff by SCS TR-20 Mlhod. UHSCS. Tim Span= 0.00-24.00 k, dl= 0.05 hm 
Type II 24411 Rainfall-4.70' 

0.4 55 0.1oOO 2.1 

0.9 I65 0.1700 3.2 

0.4 145 0.1700 6.6 

0.1) 12 0.om 4.5 

sheet Smooul flow. o d a e s  n= 0.011 P2= 2.W 

Smoolhauiacees sheet Rm. n= 0.011 PZ. 2.60- 
sheet Flow. 
Smarlh surfaces n= 0.011 PZ= 2.60' 
shallow C m a W e d  Flw. 
Unpaved Kv= 16.1 Ips 
S M h  Cmcentnted flow, 
Paved Kv-20.3b 

1.0 356 O.oo$o 6.1 613.65 TrapNcdRtdChannelflow. 

3.5 8f3 Total 
~ I . w = ~ . o o '  k 3 . w  Z= 6.0 (L 3.07 n= 0.030 

L 

EASTOS-I Type I/ 24-hr RUInk3l~.70' 

-6 W sh mo929 0 19(162001 Ag&d M*ma*n~tulla Svslans 
Prepared by GeoSvtec Consultanls Pl&la 28 

Subcatchment K K  runon area lo borrow area 

Runoff = 5.63da@ 12.36 h& Volume= 0.674al 

Runoff by scs TR-20 method. UH-. Time Span= 0.0a-24.00 hra. dt- 0.05 hm 
Type II 2Chr Rainfgll=4.70' 

TC Lenglh Slope velocity Capaih Descrip(pn 
(min) (feel) (WR) IrVsec) (CIS) 
22.9 300 0.0280 0.2 shea** 

Glass shal re 0.150 Pz= 2-80' 

Urpaved K ~ 1 8 . l f p s  

Unpaved Kv= 18.1 fps 

Unwved Kv- 16.1 IPS 

1.3 150 0.0140 1.9 Shallow Ccncwnrakd flow. 

0.3 110 0.1660 8.8 ShrUar Cmcmlratd Flow. 

11.9 em o.mm 0.9 Shallow Cmuntretod flow. 

38.4 t.190 Total 



Subcatchment N: direct runon to pond 

. . . .  A 
HydroprphPhl 

. . _  . .. 
a- 

B "  
1 -  

W 

. . . . . . .  

0 1 2 3 4 5 6 I 8 9 I O  I 1  11 I3 14 15 I1 0 18 1D 20 21 22 23 2 
rm $I-.) 

.3 230 0.0088 2.9 14.28 1npNnlR.dChaIWdFlow. 
Bol.W=O.W W1.W 2- 5.07 IP 0.030 

Subcatchment 0 runon north of borrow area 

EASTOS-1 TVpe I/ 24-W R8MaU4.7V 

W d A D g  6.00 Jh ooO929 0 IS8&1w1 Applied UbarmDuler Syslons 
Prepared by GeoSynlec Consullanls pegeJ4 

Subcatchment NN: runoff area 

(491 HmI: TccZdl may require smaller dt 

R d  8 3.78cfs@ l1.Phrs. Volume= 0.162sl 

R m n  by SCS TR.20 malhod. oH=SCS. Time Span- 0.00-24.00 ha. 61n 0.05 hn 
Tvpe I I  24-tu Rain(all=4.71Y 

Afealac) CN CJesc,ioIjon 
. 1.274 68 

Tc Lenglh slope V e W  &par& Desuiplim 
Imin) fleet) (W) l W m )  Ids) 

600 0.0130 7.1 192.82 TmpNe.=/FtdChannelFbw. 
Bol.W=O.W D=3.W Z= 3.0 'I n= 0.030 

Subcalchmenl NN: runoff area 

Hydrogrwh Plot 
. .  . . . . . . . . . . . . . . . . . . . . . . .  . . . . .  : . . _  . .  

. . . . . .  

. . . .  , . . . . .  

. . . .  

2 3 4 5 e I a 9 io  3 1  11 t l  14 15 16 11 18 10 20 21 n 23 
Tkn lh-I 

c 

EAsTos-1 Type I/ 24-hr RafnfaU4.70' 
Prepared by GeoSmtec carsullanls Psae 36 
-8.00 dt1lnoo0918 OI9882MlAmIedMimommpdeSmnna 

Subcatchment 00: runon area to h o w  area 

149) Hint: TC<M may r w e  amam 61 

Rumn = l .Wcis@ 11.97hrs. Volume= O.DSlaf 

T m  II 24-hr Rainlan=4.7(r 
~ u p n  bv scs TR-~O &hod. UH=SCS. r i  s p ~  0.00-~4.00 hr5. dt= 0.05 hrs 

TC i q r n  slaps ve- capsmy ~ascriptlon 

5.4 120 0.1660 0.4 S h l  Flow. 
(mhl Ifeel) CWft) trVsecl (&I 

Grass: Shod n= 0.150 P2- 2.80' 

Subcatchment 00: runon area to borrow m a  



u d l  = 0.8D C1s @ 12.22 hrs. Vohune- 0.082 a l  

umt7 by SCS TR-20 memod. UHsSCS. Tone Span= 0.00-24.00 hs. d l ~  0.05 hrs 
ypa I1 24-h RaInM=4.7W 

27.8 280 O.Ot50 0.2 she01 now. 
Grass:shon n=0.150 P2r2.80' 

BOLW-0.00' D=3W Z= 3.07 n-0.030 
0.1 30 0.0100 8.3 169.20 TnpNalReclChmnelflm+d, 

27.8 310 TOW 

Subcatchment S: runon north of bonow area 

Type 11 2- RahM1=4.70' EASTOSI 

IhdmcAD@B.OO SlnCW929 0 1Sw2001 AdisdUiaaanptla Swims 
Prepared by Geosynlec Cwullanls paee 42 

Sutrcalchment U runon east of OSDF 

R w W  = 6.57cIs@ 12.28 hrs. Volume= 0.674~1 

RWH bv scs TR-20 method UHSCS. r m   spa^ o.ooz4.00 m. a= 0.05 
Type I1 2bhr Ffnhfao34.70- 

Arealac) CN DesufpGon 
4.149 72 

Tc LengUl Slope Vebcity Capacity Desuip(ion 
Imin) lieell (Wl IYsec) fclsl  
30.2 300 0.0140 0.2 Sheet Flow. 

h s s s h ~ r t  n=0.150 PZ=Z.W 

Unpaved Kv- 18.1 fps 
2.1 240 0.0140 1.9 shallar Comsnlrared Flow. 

32.3 540 Tolal 

Subcatchment U mwn east of OSDF 
ww.ph PW 

. . . . . .  . . .  . . .  : . , ; .  - . 
. . .  

. . .  . .  . . . . . . . . . . . . . . . . . . . . .  

Subcatchment V: direct mnon to pond 

. . . . . . . . . . . . . . . . . . .  ~ .... . . . .  : 

. . . . . . . . .  : . . . . . . . . . . . . . . . .  
. .  . .  . . ,  

. . . . . . . . . . . .  , . . . . .  

Rumff by SCS 7R-20 me(h0d. U H S C S .  llme Span= 0.00.24.00 hs. &= 0.05 hnr 
Tvpe )I 2- RainlaU=4.7Cr 

Tc Langu, Slope V e W y  CapaciIy Oevcription 
i m h l  (fee0 (Mo IWeac) (ds)  
10.9 300 0.1780 0.5 Sheel Flow. 

Grass:Yor( n=0.150 PZ=Z.W 

Unpawd Kv=18.1tp 

m . w = o . ~  ~ 3 . 0 0  z= 3.0 6 w.07 n- 0.030 

1.0 400 0.1780 6.8 ShaIlaConmtltmtOd Flaw. 

0.7 270 0.0114 6.9 1,025.43 lrnpN&sctChnnelFIar. 

128 870 Tolel 

Subcatchment W: runon east d OSDf 
Hlbognph Pfot ........................................................... ...... . . .  . . , . , .  . . . . . . . . . . . . . . . . . . . . . . . . .  ..... . .  - . . . .  1 . 1  : . : .  . .  ;I.\::; , '  :. ;.'I:.': 

. . . . . . . . .  
2' . . . . . . . . . . . . .  
32 . . . . .  ...; . . . . .  :li 8 0 .. . . . .  

. . . . . . . . . . . .  
4 . . . . . . . . . . . .  
1 .  . .  
0 

0 1 2 1 . 5 6 7  

I , . . , .  
A,.. ........................ 

. . . .  ' I  ....................... .-. .... 
. .  ... . .  ; . - . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  



SIOS-1 Type 11 2 W  Rainfa!t4.70' 
pared by GeoSynlec Consunants PaQa 49 
rcCAOB 6 00 Y. CW929 0 I W 2 0 0 1  A&ed M i g m a p l l w  Syr 1037It 12/9Roo4 

Reach 1 R  (now node) 

I h t  Inlel eonMam rd evaluated 
I Wamlng lnlel elevalbn IDA s p e c r d  

w = 661cR@ 1225m. volune; 0.693al 
w =  6 59 CIS @ 12.26 hrs. Vohnnei 0.693 el. Allen= OK. Lag= 0.5 min 

iv= 5.4 IPS. Min. Travel l ime= 0.3 rnm 

ik Ceplh= 0.35 
i a d l y a l b a k  U I =  1.tOl.lzds 
clor 01 2.00 has k e n  applied lo m supoliad storage and &charge data 
Y Olarnaer pi, n= 0.010 1-w- 100.0 Slope= 0.01007 

Reach 1R: (new node) 
flyor0gIaph Plot 

/l . .  , .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .-. 

EASTOS-1 Type / I  24-hr R a l n l . 4 .  7 f f  
Prepared by GeoSynlec ConsubnIs paeeso 
Hvdtoclf#btl.ca * ~ 2 9  0 1 ~ 2 0 0 1 ~ t i e d M i i A M s y s  m s  1- 

Re& 2: e& drainage channel 

1651 Warning: lnlel elevation mi speciRed 

t n k w  = 26.37 CIS @ 12.12hO. Volume= 2.010al 
OuIIbw = 25.59ds@ 12.2Oh13. Vdum= 2.005al. Atkn=3Y. bg=4.8min 

Rmming by sta.lnd+Tram mhod. lhs Span= 0 0024.00 Ius. m= 0 05 hrs 
Mar Ve(0Ulp 2 7 Ips. Mm Trawd TKnO- 2 6 mm 
Avg. v w y  = t 1 Ips. ~ r g  Travel Tim= 6 3 mm 

Peak Depths 1.54' 
Cspacily a1 bank lull= 1,205.98 CIS 
0.00' x 8.50 deep channel. n= O.OW Len@h= 420.V slope= 0.0045'r 
Side Sbpa Z-value= 3.0 5.0 'r 

Reach 2: cas1 drainage channel 

Hydropr.phPIot . . . . . . . . . . . . . . .  . . .  . . .  . . . . . . . . . . . . . . . .  .................................. : . . I  , . . I . ,  ., 28(1, % .  ' ' ' 

. . .  . . .  ...... . _ . . _ .  . . . . . .  :........I 
. I . .  ... : . . I . . : . . . : . . ' . .  , 

. . . .  . . . . .  . .  . .  
. . . . . .  

. .  . . / . .  ......... 

Reach 2R: (new node) 

Hint Inlel Md#ions no1 evafualed 
Wandw: b-Je( etevath nd s p x i k d  

Y = 3.30cls@ 12.03hn. Vdume= O. lQ2a l  
IWJ = 3.25cIs@ I2.04hrs. Volww= 0.192al. Ane#t.X. Lag=0.7min 

I !  by Sta.WtTrsnS methcd. Time Span- 0.00.24.00 hrs. dl= 0.05 n~ . Veloclnp 4.3 Ips. Mm. Travel l!nba= 0.4 mln 
VeWly = 1.9 Ips. Avg. T m d  T i e =  0.9 mb 

k f%plh= 0.24 
adyalbanXldI= t.lOl.lZcJs 
p d  2.00 has taen applied lo h e  UrpOLBd M a a g e  and dlscherpe daIa 

Ol-e~aPipe n=OO.O1O Lenglk100.(1 slope=001007 

Reach Z R  (new node) 

EASTOS-1 Type II 24-hr Rainf8P4.70' 
Prepared by GeosplteC hsullanls P- 52 
-6.00 dnnmo929 81~2001Awlk3dYk~oeomDuler S s l m r  I?J.%UW? 

Reach 3 east drainage channel 

165) Wanbkg Wel e\ava(lon ml specif& 

I n h  = 40.77clsa 12.17h3. Vc&me= 3.241 a1 
Oumar = 39.76dsa 12.24hrs. VoRrme= 3.234af. Allen=Z%. laQ= 4.0min 

Max. Velocity- 3.3 IPS. Mm. Travel Tima- 2.1 min 
AVQ. VeroClly = 1.3 Ips. Avg. Travel Time= 5.3 min 

Peak DepuI= 1.6T 
C a m  d kmh I*= 1.583.67 d s  
0.00' x 7.40' deep chamel. n= 0.030 Length= 420.0 s m =  O.OO507 
Sb% sbpe L-vaiue= 3.0 4.0 7 

~ u i  by s b . . m d t T m  &, ~ i m e  Spew 0.0~24.00 hrs. a= 0.0s hrs 

Reach 3: ea81 drainage channel 

Hydropraph P m  . . . . . . . .  J . . .  . . . . .  L .............. i . . . . . . . . . . . . . . . .  1.. . .  . . . .  . .  . .  



EASTOS-1 T m  / I  24411 RainfalH. 70' 
Pag9 57 Prepared by Geosynlec Consutlanls 

HydroCAD@B.W dn ooO929 Q 191MMoI & d k d  M - p l a  Systems lZ/.gUB 

Reach 7R runoff diversion channel 

I651 Warning: Ink4 elevation m s-ed 

In* = 75.24tIsa 12.32hrS. volume= 8.256al 
Oumow = 74.27dsa 12.38hrs. vdunm= 8 m a l .  Anen= I%, Lag= 3.9mh 

'I byStcdnd*rtaan~ methcd. Time Spans 0.00.24 00 hrr. dt= 0 05 h 
eIncrm; 3 6 IP. Mn Travel T i  2 2  rnln 

= 1 5 rpS. Avg Travel T,me= 5 2 mln 

PA Depth- 2 1 5  
CapacityalbamkMl= 1.152.93ds 
0.M x 5.99' deep channal, n= 0.030  en@^= 467.0 sbpa= 0.0054 'I 
Side Slope Z-valus= 3.0 8.07 

Re- 7 R  NnOff diversion channel 
Hydronmph Plot 

. .  I. .......... L .  .......... .;. . . . . . . . . . . . . . . . . . . . . . . .  . . . . . .  
. . . . . . . . . . . . . . .  

. . . . . . . . . . .  

. . . . . .  
. . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  

. . . . . . . . . .  

0 I 7 3 4 I 8 1 8 B I O  14 $1 I1 I4 I 5  I S  11 I8  19 20 21 17 73 74 
rdnl I-.i 

Type If 24-hr Ralnlab4.70~ 
Papn 59 

pdwJ Mkrommwlef Svrlmnt 1219/2004 

Reach S R  Nnoff diversion channel 

(651 Warning: Ink1 elevalim no( sfmdlled 

lnlbw = 76.73cfs@ 12.42h1-s. Volume= 9.059al 
Gwmow = 76.33 cis 0 12.44 hn. Volume= 9.852 af. Anen= 1%. Lag= 1.2 rnln 

R o w  by Slor-M+Trans meulod. T i  Span= O.CKW4.M hrs. dl= 0.05 ho 
Max. Velaifyp 3.6 fp. Min. Travel llm= 0.7 min 
Avg. v w  = 1.5 rps. Avg.  ravel T i m a  1.8 min 

PeakDepth= 1-86' 
Capacialba~Ivl l=425.10ch 
3.W x 3.W deepchamsl. n= 0.030 lenguI= 144.W Sbpe. O.OO507 
SMe Sbpa Z-values 6.0 3.0 7 

Reach S R  runow Qverslon channel 
HwIdma~c4bPbt .- ---I . . . . . . . . . .  ,.... ...................... _. . . . . . . . . . . . . . . .  

EASTOS-1 
P w r e d  by GeoSyntec Consultanls 
HudroCADEJ6.00 dn m 2 9  0 i9(ur-MoI Wd MiicnmmDuleJ syrtms 

Type If 24-hr Rainfa#==. 70' 
Page 58 

Reach 8R: runoff dlverslon channel 

I651 Warning: Inlet elevation nd specikd 

Ew ; 78.aJds@ 12.38hn. Vokne= 8.594af 
76.28 ds @ 12.42 hra. Volume= 9.583 af, Allen= 1%. Lag= 2.3 min 

Routing by S l a k d * T ~ a n s  m e W .  The Span. 0.00-24.00 hrs. dl= 0.05 hrJ 
Max. VelOCW 3.1 Ips. Min. Trevd Tim= 1.3 mln 
Avg. VelaitY = 1.3 Ips. Avg. Travel Time= 3.0 rnln 

Peal b$dh- 1.75' 
Capacky al bank full= 1.600.80 CIS 
A laclw of 2.00 h a s  bean applied Io the 6upded slmge and discharge data 
0.00' x 5.47 deep channel. n= 0.030 Length: 241.W Slope= O.Oo50 7 

s(0pe Z - V ~ I U ~ =  6.0 2 . 0 ~  

Reach 8 R  runoff div~r6Ion channel 

Reach 10AR: (new node) 

(551 Warning: Id& elevation nol specillad 

lnfmw = 76.87cls@ 92.44hn. Volume= 10.058al 
o u m ~ w  = 76.32 CIS @ 12.46 hs. vohnna= 10.049 a(. ~ n e n =  OK. kq- 1.3 min 

Rar(ing by SIwJnd*Trans m a W .  Tlma Span= 0.00.24.00 hrr. Q= 0.05 ho 
Mar. Vekl ly= 7.9 Ip. Mm. Travel Time= 0.8 min 
Avg. VeWty = 2.7 Ips. Avg. Travel Tim= 2.2 mln 

Peak Depth= 0.78' 
Capacity sl bsnx lull- 1.840.52 CIS 
9.00' x 3.85' deep chamel. n= 0.030 Length= 358.0' S ~ Q P  0.0500 7 
Slda Sbpe Z-va!ue= 6.0 3.0 7 

Reach I O N  (new nude) 

. . . . .  ' ..,..... . . . . .  . . . . . . . . . . . . . . . . . . . . .  

. . .  . . . . . . . .  / .  . . .  

0 I I 1 4 I 6 7 I D 10 I1  I 2  13 l a  $5 I 8  11 I8 I* ZO 21 22 73 24 
m m-t 



ST0S-l Type I/ 2441 R8infalk4.70' 
pared by GeoSyntec Consullank Paw 65 
r m B O O  s h W E l  0 l W ! 6 X O l ~ ~ d M ~ - p u  In sy61ems 

Reach 14: easl  runon channel 

'Warning: lnlsl e W a h  m specifd 

II 0.52dsO tt .D8hn. VorUne= 0.026sl 
(br = O.U)ds@ 12.17hn. V d m =  0.025af. Alten=27%. Lag=11.3min 

by Stor.lnd+Trans melhod. Time Span= 0.00-24.00 hs. dl- 0.05 hrs 
- 0.9 IPS. Min. Travel Time= 7.6 rnm 

IY = 0.4 IPS. RvQ. Travel rime= 19.1 min k ik Depm- 0.W 

ui&y at bar* M1= P i a  ds 
l' x 1.W deepchannel. n=0.030 Leng(h=420.0 sbpe=0.00407 
3 Slope L-valuem 3.0 5.0 7 

1 
Reach 1 4  east funon channel 

. . .  HwJrograph Plot 
. . . .  . . . . . . . . . . . .  . .  . . . . . . . . . . . .  . .  

. . .  : . . .  ..... ' . . . ( . . I . .  

. . . .  . . . . . . . . . . . . . . .  

0 1 ? 1 I 5 6 7 I 9 I D  11  I? 13 14 13 I 6  I1 111 I D  20 21 ?Z 21 2 1  
no. 1h-I") 

Type I1 244~ UaInfatH. 70' 
by GeoSynlec Consultants Pa@ 67 

.oCu#D 6.00 SIII KOD2U 0 lgS62001 Ailp(ied Mkoumwer SWems 

Reach 16: easl runon channel 

Warning: We1 elevatim nol spnlf)ed 

w I 9.76ds@ 12.101w. V d u m e ~  0.684aI 
lar = 9.33cfsf3 12181w. Vohn*1= 0.WIal. Mew4X. Lqp4.9mJn 

Ung by Slor-IndtTrans &hod. Ttma Span= 0.00-24.00 k, dt= 0.05 Ius . Ve!cdly= 2.6 fps. Mm. Trwd lime= 2.7 mln 
vobciry = 1.0 Ips. AVQ. Travel nme= 6.7 min 

k Depth- 0.88' Kern bsnlc I& 258.58 CIS 
r n 3.w deepdrsmel. n=o.ojo ~ergv1=420.(1 sbpe=0.0074'/ 
I Slope Z-vabrec 2.5 5.07 

Reach 16 east runon channel 

Reach 1% east ~ n ~ n  channel 

1651 Wamhg: Inlet elevelan rml specified 

1nIlo.v = 3.20ds @ 12.01 hfs. V m e =  0.186al 
ouclbv = 2.82cIsQ2 12.12hrs. Vdume= O,lffi8f, Alten=12%. Leg=6.6min 

Rmding by Sla-lnb*Trsns method. lime Span= 0.W-24.00 Ius. dl= 0.05 hn 
Max. Vclaeny= 1.8 Ips. Min. Travel Time= 3.9 mln 
Avo. Vebu*l= 0.7 tpr. Avo. Tmd lim= 9.9 mln 

Peek Deplh- 0.64' 
Cap;lcky st bank MI- 61.62 cfs 
0.W I 2.W deepchannel. n.0.030 length= 420.0 SlOpe=O.w637 
Side Slope Z-value= 3.0 5.0 'f  

Reach 15: east wnon channel 

Hydrograph PhI 

. . . .  
. . .  

. . . . . . .  . . . . .  . . . . . . . . .  

D I z a 4 5 o 7 8 o IO 11 I? 13 14 15 16 17 18 IO 10 21 n 13 21 
Ik* llmW.1 

Reach l? easl runon channel 

165) Warning: Inlet ilewalion not specifled 

1nIl-m = 12.43cIsQ 12.18hrS. Vdwna* 0.82381 
(~f lou = t 2 0 7 c f s a  12.25hrs, V d m s  0.821al. Mem=3%. Laen 4 . 0 h  

Rarling by SW-lnd+T- method. lime Span= 0.00-24.00 hrs. d= 0.M h S  
Max. Velccily= 3.2 Ips. Mm. Tmel lhe-  2.2 mh 
~ v p .  velocjty = 1.3 (ps. ~ v g .  Tiavdnmem 5.3min 

Peak Oepm. 0.92' 
capaciiyet bankMI= 436.18cfr 
O.W 3.w deep-1. n= 0.030 L-= 4zo.v srope= 0.01258r 
side slope z.v&ue= 4.0 5.0 'r  

Reach 17: east NIIM channel 
Hydrwaph PIM 

. . . . . . . . . . . . . . . . . . . .  

. . . . . .  

. , . . .  

o I 7 3 4 5 E I a D ID II 12 IJ 14 I5  16 11 18 ID 10 ZI 12 73 w 
TLI. V M I  



ViTOS-1 Type I /  24-hrRainrS//=4.70' 
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doCAO@GW s/nOOO929 e 1 9 8 6 - 2 0 0 1 ~ M ~ p u t w S y s ~ e m s  

Reach 22: eagt runon channel 

i] Warning: Inlet abvalan mc s p & i ~  

b w  = 6 3 3 C f S  @ 12.49hrs. Volume= 8.231 af 
dtkw = 46.18cb@ 12.51hm. V&m= 6.226al. Anen=O%. Lag=I.?min 

by Slor-lnd*Trans melhod. Trme Span= 0.00.24.00 h. dt= 0.05 hrs 
ilr 4.5 Ips. Min. Travel Tune= 0.7 ndn 

WIIV = 1.6 Ips.  Avg. Travel The= 2.0 min P 
ak h p t b  1.8s 
pauly at bank MI= 264.40 cfs 
IV I 4.w' deeo channel. n: O.OM L-= 1 9 0 . ~  slope= o.0100-r 
k slope Z-vatua= 3 .07  

Reach 22: east Nnon channel 
nyhqlraph mol 

/ I - - - - .  . . . . . . . . . . . . . . . . .  : . . . . . . . . . . . .  ,..:. . . . . . . . . . .  

Routing by Stor-tnd*Trnns melhod. T h e  Span= 0.00-24.00 b. dl= 0.05 hrs 
Max. Vdcciir= 5 4 Ips. Min. Travel n m -  0.3 mk, 
Avg Ve)auly = 1.8 Ips. Avg Travd l ime= 0.6 min 

Pwh Deplh= 1 31' 
Capaaty at bank full= 468 67 cfs 
A facta of 2.00 has been a p p r i  lo the SupPUed slorage and discharge data 
72 V h l e r  Plpe RS 0 018 L W h =  92.0 Slope= 0 00597 

Reach 23: new CMP culverts 
Hflropraph Plot 

A I 

Type I/ 24.W RainfeU=4.7ff 
paae 75 ipfed by GeoSynlec Consullants 

koCA5B600 lmO00929 O1988200lLOplledMioaom~aSyslans 

Reach 24: NnOn channel 

I Warning: lnkl $evalion nd spaciaed 

~ l l  = 57.15cl3@ t2.47hra. Volwne= 8.111al 
m a  = Se.eScfs@ 12.49h.  Volume- 8.104al. Anen=O%. Lsg=l.Imn 

lung by S~a.h\d*~ranS method. 7bns span- 0.00-z4.m hrs. a= 0.05 hre I 2 
1. Vekdly~ 4.0 fps. Min. Travel T i =  0.7 mh 
I. Veffay = 1.2fps, Avg. Tiavel Tma= 2.3 d n  

hkDep(h= 1.19 
mdly at bank Id= 153.54 CIS 
W x 2.W deepchannel. n= 0.030 Lm@h= 1W.V slope- 0.0075 7 
e Slope Z-value= 3.07 

Reach 24. runon channel 
Wmr.ph 

A '  I . .  
. . . . . . . . . .  : . . . . .  ..................................... 

: 7; : .  . . :  . .: . :..:.:..;..I 
, .  . .  . . .  ................ .!.. :. . . . . . .  k. . '  { . . . . . > . . . . . . . . . . . I . .  . .  . .  : i )  . .  . . . . . . . . . .  , . . .  . .  

. . . . . . . . . . . . . . . .  
. .  . . . .  .~ . . . . .  :.: . . . .  .;..I 

! 
I 

0 i 2 3 4 I e I 8 0 IO 11 12 IJ 14 15 I8 I7  18 IO 1O 21 22 13 24 
+ 1-01 

. . . . .  - . . . . .  . .  . .  . . . . .  . . . . . . . . . . . . . . .  i _  . . .  . .  . . ,  . . .  
.................... ...... . . . . .  . . . . . .  . . . . . . . . . . . . . . . . . . . .  . . .  
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EASTOS-1 Type I/ 24-tw RahldP4.70' 
Prepared by GeoSynrec Cmwdlents Page 78 
WcCADQ600 YnW0920 OlBBg200 1 FUshi M U a r m M W  %I- lyegppp 

Reach 2 5  new CMP arch 

1521 Hint: Intel condilans not evaluated 
(851 Warning: Inlel elevet i  not SPeiJiad 

I- 8 tX24ds@ 12 .45b .  Volume= 8.058af 
oumd* = 64,2tds@ t2.48hm. Vdwns= 9.057al. AHen=OK. hg=O.JmIn 

RolaW by SUw-lnd+Tm mslhad. Tlme Span= 0.00-24.00 hor. dl= 0.05 hrs 
Mar. V~ lodtp  5.9 Cps. Lun. Travd Thm= 0.2 m h  
A*. VebCilv = 2.0 Ips. Avg. Travel Tbnep 0.4 mh 

Peak Depth= 1.4g 
Capacity at bank M- 475.34 d s  
A W o r d  2.00 has been app#ed lo IhesuppUed storage snd discharge dsla 
72.O'Di8meterPlpe n=o.ota Le@h=53.V slope=o.ooso'r 

Reach 25: new CMP arch 

. . .  ........................ . _ ( _ _  

I _ i .  .............. _...., ... ,:.. 
. . . . . . . . . . . . . .  ....,_ ~ ..... 
1.. L . .  ............... 1 ....... _,__ . . . . . . . . .  . . . . . . . . .  : ; : ! I  1;;:; : 

. I , .  . , . #  ... .........._..... . 
I ... .: .......... ;. :.,,: .;..;.mi.:.. I . . : .  ... .;..i..:..;..i.. . . . . .  . . . . . . . .  . . . .  ......................... -. . . . . . . . . .  

I . .  i ..... , . . 1 .  ........... 



mas-? Type 11 24-hi Rainf8lP4.70' 
paee 81 

hCAOQ6W ehn(ao929 Q198&2M)t ADpliedMiamnguluSvslems 1- 
wred by GeoSyntec Consultants 

Reach 30: east runon channel 

]Warning: lnlel elwahon m s p g i l i d  

ow = &.Mds@ 12.48hrs. V d m =  6.152al 
moW E 45.89ds@ 12.48hrs. V d m =  6.151 d. Atten=OX. Lag=0.2mh 

by Sta-lnd+Trans method. Tim Span= 0.m24.00 hrs. di= 0.05 hrs I 2  
ebciW 4.5 fps. Min. Travel T i =  0.1 rnm 
eCailv = I 5 IPS. Avg. Travd h e =  0.3 rnin )&" 

ak Depth= I .84' 
paciIy at bank lull= 104.05 CIS 
Q x 2.W deep channel. n= 0.030 Lerqlh= 30.0' Slow= 0.0100 7 
le sbpe Z-value= 3.0 -r 

W 

25 

m 

Reach 30: east runon channel 

Jjpe N 244r RaInfa#=4.70' 
page a3 

12l$l2Q!B buc4D@B.M smOoO929 O 1 9 8 8 2 ( 1 0 1 l % c & d M i  w svsm. 

Pond 1P: (new node) 

w = 49.32cfs@ 12.39hrs. Vdume= 6.362at 
Ibw 45.Mcls& 12.48hra. Volume= 6.15281, Anen=7%. Leg.5.4mIn 
nary = 45.Q8de49 12.48hrs. Vohrme; 6.152af 

llng by Sta-lnd malhod. T h e  Span= 0.00-24.00 hrs. dl= 0.05 hrs 

~ n p  EW 5 9 2 . ~  SLOW= 0.691 ai 
dc Uev= 593.91' Storage- 1.584 01 (0.893 al aboro darling slorage) 
gFIw detenlion t i =  102.4 min cakubled lo15.451 af (86% d inlb*) 
mge and Wnd areas delemined by conic sectbns 

~ i w o n  SurfArea IncSlas Cun.SIwe WelArea 
fl@) (acres) lawe-lee11 (&eel) (acres] 

'.110111 O l m i  O O W  O w 0  0.I8B .... 
590.00 0.210 0.130 0.139 a.aii 
u1.m 0.278 0.243 0.382 0.279 
592.00 0.342 0.309 0.891 0.344 
593.00 0.463 0 401 1.m 0.485 
59411) 0.624 0.542 1.634 0.621 

EASTOS-1 Jype I1 2- Rainfak4.70' 
pepe 82 

M k v C A Q S  6 00 sln -29 6 19862001 M e d  Ymcl.aamwIutsr Svsluns 
Prepared by GeoSyntec Consultants 

Reach 31: culvert 

1521 Htnt t n k l  M d h  not evaluated 
[651 Warning: I* elevalirm rn s p c i i k d  

In* = 654cls@ I l .$lhn.Vdume= 0.27Sal 
(MROW = 6 . 3 4 c b a  11.91hm. Volume= 0.278at. Anen=3%, Lag=O.5rnin 

Routing by SlCd-lnd+TranS melhod. Tlme Span= 0.0024 00 hrs. dl= 0.05 hrs 
Max. Veb&y= 5.1 Ips. Min. Travel Time= 0.3 min 
Avg. V W I y  = 1.8 Ips. Avg. Travel 0.8 m h  

Peak oepul= 0.34' 
Capacilyat bank hJI= 1.025.91 CIS 
A lacrov ot 2.00 has been applwd to (he sttpplbed StOIaQe and discharge data 
72.W Diameter Pipe n= 0.012 Lenglk 80.0' Slope= 0.0125 7 

Reach 31: culwrt 
Hydqraph Pb( 

A .. 
7 

6 

5 . . . . . . . . .  

$ 4  

b 
E 3  . . . .  . . . . . . . . . . .  

. . . . . . . . .  
1 

0 
o I 2 3 4 5 e I e B IO I I  17 13 14 IS 16 17 18 io m 21 n 23 24 

h IhOUR) 

................ 
. . . . . . .  

. . . . . . . . . .  

. . . . . . . .  
. . . . . . . . . . . . . . . . .  
. . . . . . . . . .  _,.. 

0 1 1 3 4 I 6 7 I 9 (0 I1 I? 13 14 I 5  IO I1 18 I D  YO 21 ZY I 3  24 
h I-.) 

! R m t i r ~  hvert Olnkl lbvbs 
P m l y  592.W S~+dal(w&RrudJ 

HBad(feet) 0.00 0.01 0.18 0.51 1.01 1.34 1.87 2.00 
Dkch.(c19) D 0 0  0.00 0.08 1.33 8.21 17.57 31.73 51.47 
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ESTOS-1 Type I /  24hr Ramfal1=4.70' 
pege 1 

drOcALl@600 QlW2WlWalUi rmmmpnerS~ l+mr  1USlmOq 
epared by GeoSynlec Consullanls 

h e  span=O.OO-24.00 hrs. dI=O.O5 hrs. 481 
R u d f  by SCS TR-20 melhd. UH=SCS. Type II 24hr RainfaUi4.70' 

Reach farling by sla.lnd*Trans memad ~ Pond rod@ by Siw-id method 

b c s l c h m  A: Veeaca(0-J lid covet 
1 ~ 1 8  3 mm C N 4 3  Ares2.730 ac R d =  0.20 d s  0.658 d 

L - n t  8: vegetated nnal cover 
Tc=l9.Omn CN*61 Arsa=5242a Rumfl* 17.63ds 1.287al 

SalChlnOnl VSgQtaIed find cover 
Ic49.Onin CN~o83 Area=5.399 8C UunOn= 17.82ds 1.301 al 

bcalchmnI D: ve@etsIed mal coyer 
Tc-19Ombr CNs83 Atoa=5.530ac Rllmn= 18.25 d s  1.332 af 

P 
bulchmenl ER! nwrvcgeMed flnal cover 

Tc=4.2 min CH.89 Aree=S.320 BC A d =  32.56 CIS 1.544 a1 

Malchmml FlR: non-vegaatsd final uww 
Tc4.9mm CN-89 Araa=O.B18sc Runon= 5.78 d s  0.267al 

w l c h m l  FPR: (new n e )  
Tc=2.6mn CN.89 Arca=1.550 ac R W =  9.78 dr 0.450 a i  

)cs(chmenl FR: nonvegetated final c o v e r l ~ d i r n  b y d o m  
Tc=2.4mn CN=89 Area6.3.500ac Run~W=Zl .54dr  1.0166 

K.(chmmni GR: (na node) 
Tc*.lmin CNn89 &ea=0050ac Runofln0.33da 0.015al 

)cstchhmmt HR: norrwgslatedfinal cover area 
Tci8.3mh CN.89 Area=O.l4Oac RvDlf=0.75dr 0.04Ial 

Mchnenl J1R: cuwndon laydown mea 
Tc=Z8min CN+2 Arsa=OO.3l2ac RwdT= 1.66ds 0.0736 

ratchmant J2k ccnslmdlon bydawn mea 
Tc=OOmm W=62 Area=0.970a Rumfl-4.41 ds 0.227al 

~ I c h m e n l  KU: mnon norV, 01 borrow mea 
Tc4.8min CN-89 Area=l.59Osc R d =  1O.Wds 0.482d 

Icdchnnnt LR: COMtrucUm bydown moa 
Tc=Y).7mh CN-02 Area=I.&3Oac RunelI=4,46dr 0.433d 

utchmsnlMR:nm~naV,olbDnouana 
1-2.8 mi" CN-79 Aroa-0.675 ac Runoflm 1.30 d s  0.145 ai 

Type II 2- Relnf.all+. 70' 
pared by GeoSynIec Consunants peee 3 
rocIDQ6W 6118- 019882001AwllsdM*mcOm~ Syalams 12/PtZOO4 

lnlkw= 85.60 dr 8.?29 d 
Lengih=30.0' MaxVel=6.9tpr csPecily=535.7Och Oullkw-85.48dr 8.728rA 

ch BBR: Culverl al Sed W n  2enbance 

Ch SR: ChnnMl WO sed b h l 2  w&n 8 6 . 2 ~  d s  8 . m  81 
L m s 5 ~ 6 2 . T  MarVoC6f)fps CaPedt~728.12ds oumD*oaS.e6ds 8.777af 

ch9AR:EuandedDrplngeChdS~hofCd18 l n k  1O.odcls 0.462 d 
L.nsh- 197.11 Mer Val= 4.3 IPS Capadlr 263 64 ds oul(lar 9.65 d s  0.461 6 

wlwr 9.65 ds 0.461 d 
L+ M.0 Mar Vel- 5.5 bs Capad(p L57.73 ds O.dlkw= 9.51 cls 0.461 el 

tnlb- 10.18 d r  0.502al 
LenpW 27.3 MaXVc4=4.3I~s C- 1,027.28 d s  Oulllow 10.1Oclr 0.502 6 

hDap 9.78 d s  0.450 d 
Len~!J~71..(' ~ V e l - 5 2 I p s  C a p ~ 2 4 1 . 7 5 d a  OvlGuw=9.65& 0.450al 

lnllw~ 9.65 c b  0.4u) id 
L8ngh. 38.0 )*arVd* 5.3 b CSsacil~ 343.51 ds ouma*. 9.51) d s  0.4% d 

I n k  31.61 ds 1.466 al 
Len@= 407.0 Mea V& 2.8 fps Cauacilr 162.16 d s  O W ~ F  28.73 do 1.461 al 

ch BBR: (nmv no&) 

ch 9R: Channel Ut3 d J(r Ctdverl 

d toIu1: (new no61 

ch 10BR: (new node) 

ch 10R accasu road dirotslon channel 

ch 11ARr (now nab)  wla*. 28.(7 dE 1.475 d 
Len@* 16.V Mox Vel- 2.7 IDS Capajcr 571.70 d s  OuWwx 28.02 dr 1.475 d 

lnlkw= 28.73 ds 1.461 d 
LmgW50.0'  HsxVel=2.1W cspeclty;W.89dr ~ 2 8 . 1 O d s  1 . M d  

ch IZC~r (hanFbI rso(Dre (mgeChand ~ J 8 . 3 B d s  I .976d 
L m =  $19.7 Mea Vd= 4.3 IPS CSpa67r 301.20 dr OuHk?n= 35.7s d s  1.075 el 

lnlbw 4.48 d s  0.433 6 
Lenpm= 120.0' Max Vex 4.6W Cwaolp B6.81 d8 Chtlkw= 4.45 c b  0.432 d 

- 3 . I d r  0.169d 
L@= 112.0 Max Veh 3.5lpr Cep3dW822.58 Crs 3.11 dr 0,169 01 - 0.46 da 0.027 d 
LmgW 55.0' Mar Velm 2.4 In Cepadtr 406.62 d S  ollmorp 0.46 dr 0.027 SI 

Mm 3 . 9  ds 0.1 70 d 
~cngh=3&2.V HarVa@Z.Z$s C w a c i l p 7 l A E d s  O d u w  3.20ds 0.\691( 

C h  11R: mdrsr( 

ch 15: (IIOW noda) 

ch 14: Cutm( from Nodh Enlrsnw R o d  shmsl 

'4 1sN: Culver( adjawnt lo Naul Entrwce Road 

W: Chnnnd sad of Nath E n U m  R o d  

WESTOS-I Type /I 24-hr Rainfa/l=4,7(r 
pege 2 

thdmCAlm6.00 51nOm929 01986-2001 APlr(adh4iiaamputsrSIslems 1- 

S h x t c h d  N: c a r n n r l i m  l a y d a  m a  
Tc=15.2 min CN=62 Area=1.041 a RvmN= 3.73 ds 0.244 al 

Prepared by GeoSynlec Consultanls 

Subeahhmml 0: pond 
1 ~ 1 . 0  mln W=Q8 Area2252 a RUmn= 16.67 d r  0 8 P  el 

5ubCaichmenl P l R  cmsuudlm laydown area 
Tc=8.4 m n  CN.82 Arsa-4.490a R w R n  2.20 d s  0.115 d 

SubMchmenl P2R: consiruclIon bydown area 
Tca.3 m h  CN.82 Aree=0.214 a Runoff= 0 . 9 6 d s  0.050~1 

Subcatchmen1 QN: runon noRh of bmow ama 
lc=l lbmin CN=79 Araa=OO.l2?ac Rumft=O.46ds 0 0 2 7 d  

-- 8.20 d s  0.658 d 
Lam= 400.0 Max Vd= 2.5 lpa ca9acilp 424.50 dr (MBrr= 8.87 ds 0.6% d 

Reach 2: vssl channel Inllow= 25.75 CIS 1.943 81 
L m g m = W . 0  MaxVe)=3.3lps C a p ~ 4 2 4 . 6 0 d r  Du(Rar=25.l0ds 1.939al 

lnflar 41.23ds 3.240d 
LengUv 4 W . W  Max Vel' 3.7 Ip3 Cwpablp 424.60 ds O u W  40.35 d a  3.2Y d 

Mnw=55.70ds 4.568d 
Len@= 80.0' Mea vel= 4.0 IPS Cap+ 426.17 d a  Oumar s 4 5  & 4.565 s i  

W!CNP 55.G d s  4.565 sl 
Len#lh= 95.0 ma Val- 4.9 IPS Cap- 396.64 d s  OuPaw= 55.23 d s  4.581 al 

In- 55.23 ds 4.555 81 
L a y ) m m  380.0 M U  Vdl4.0 IPS CapaciJp 424.60 d r  - 54.31 ds 4.555 d 

Roach 71\R: HBul Road Culved 1 h l l o e S 7 . 9 6 d s  6.1Wal 
L m g l h m  81.5' M& Vel= 5.4 Ips Capx+ 188.63 c h  5760 ds 6 . M  d 

~ 5 7 . W d s  6.171el 
Lengh= IW.O Mar Val= 2.6 Ips Capedlr 200.78 d 5  olmar 57.49 d s  6.167 d 

In+ 58W d s  6.434 d 

Reach 1: W B ~  channel 

Reach 5: vesl channel 

Reach 4: w e d  channel 

Reach 5 culvorl 

Reach 6 W B ~  channel 

Roach 7BR: Channel beluanGlS 14 6 I 5  

Reach 7CR: Rlnda Pa~kkng Lo( CU~WII 
Lcngrn- 286.0' MBX vel* 8.1 IPS capadlr 296.41 d s  ouaow 57.75 ds e.431 

Reach 7DR: Runoff Orahgo Chamel M h  of Rimla lnlbrp 58.59 cb 8.857 et 
ZBB V UIU Vale 3.3 Ips CapaCap 372.29 d s  Oudknw P.61 dl 8.647 CJ 

l n h ~  87.19 do 8.717 d 
Langchm lt6.V Max Val* 3.6 Ips Cepaeity= X8.16 d s  hrllbr 85.60 d s  8.729 SI 

Re& UAR: WNI channel 

?- 5865 

d 1P: SedimsnMon Badn 2 
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r*ocADpDE.oO tho00929 O 1 9 8 6 2 0 0 1 r % @ c & d H ~ p ~ 1 s r S n l e m s  

Type I/ 24fu RainfaU% 70' 
epared by GeoSyntac Consultants Peee 9 

Subcatchmont C vegotated final m r  
Hydrograph P)o( 

............... 

. . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . .  

o t z 3 4 I o I a B IO 11 12 IJ 14 15 IO I I  10 IS m 21 n 11 24 
1-1 

Type N 2+hr Rnfnfa!b=. 70. 
P8ge 11 

lUSQQQ.4 
bared by Oeosyntec Consultants 
IIvCAWJ 8.00 sln 000929 0 19@6.Za)l Amlled Mhcrocqmwuta Svskmr 

Subcatchment D: vegetated flnal cover 
Mldrapr.ph PIol 

...... .;. ........ . 1 _ .  I.. .......... 
.... ,;. ...... .i. i . . ;  i..: ...... 
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WESTOS-1 Typo I /  2 h r  Rainfall=4.7(r 
Prepared by GeoSyntec Consultants Pago 10 
t w v c m 6 . 0 0  snmoo09m e i986.2001 m d  ~ i a o e ~ . ~ a ~  S W ~ S  

Subcatchment D: vegetated find cover 

R u a H  ra W.25cfs@ 11.11 hn. Vdum- 1.332B1 

R u a H  by SCS TR-20 mslhod. UH=SCS. l h e  Span- 0.00-24.00 hrs. dl= 0.05 hrs 
Type II 26hr RainlaW4.7(r 

Tc Length Slope Velaily Cap- OescripUM 
(min~ (feet) (tun) (meet (ds) 

6.9 90 0.0500 0.2 shee( nw, 
Grass: Shod n= 0.150 PZ= 2.W 

Gra.w Shon n=0.150 P2= 2.60' 

Grass: Shon n= 0.150 P2= 2.60- 

Unpaved K r  16.1 Ips 

3.8 60 O . t W 0  0.3 Sheel Flow, 

6.4 150 0.1700 0.4 ShHl  flw. 

0.5 205 0.1700 6.6 Shallow Conccnlratsd FlW. 

0.8 180 0.0075 4.2 75.84 TraplvnlRectChsnrnlFkv, 

0.1 60 0.OlM) 15.0 423.51 ClrudarChrnnel(plp), 

0.5 195 0.0075 . 6.6 424.60 TrapNeeiRedChsnnslFlov, 

Bot.w=o.w o=z.w z= 3.0 a 6.0-r n= 0.030 

Dlam=72.0' Area=26.3sI P e h =  18.8' <= 1.W n= 0.013 

Bol.W=O.(#l 0.4.W Z= 6.0 6 2.0'1 n= 0.030 
19.0 950 TObl 

5 8 6 5  

WESTOS-1 
Prepared by GeoSyntec Consullanls 
HvdmCACWD 6 00 

Typa /I 24411 Rainf&=. 70' 
paee 12 

OOO929 0 19861001 W e d  MicmcmmW BI Sm1ms 

Subcatchment E R  nowvegetated final cover 

1491 t i i i :  Tc<?dl may reqdre smaller dl 

R u a l f  = 32.%ck@ 1l.Whm. Vdurne- 1.544al 

Runon by SCS TR-20 melhod. UH:SCS. T I m  Span= 0.00-24.00 h. dl= 0.05 hrs 
 pa II ~&hr~amh11=4.70- 

5.320 89 
Areabc) CN Cmwlo lion 

l e  Length Slope Velocity Cap5ty Oeaeripti 

0.0 110 o.oB25 2.0 sheel flow. 

0.4 45 0.1110 2.1 ShBel Flow. 

0.8 150 0.1700 3.2 5hwl Flow, 

0.5 ZOO 0.1700 8.6 ShnHov Concenlratedcbv. 

(mint Ifeel) (WRI (Wsec) (cfs) 

sroOmsur(peo n=0.011 P2=2.W 

smDomsur(= N0.011 m2.w 
Smooth s w f m  n= 0.011 P2= 2W 

&pawed Kw- 16.1 fps 

W.W=O.W e3.W Z= 3.0 6 6D'f n= 0.030 

Mamp 72.V Arm- 28.3 s l  P e h =  18.8' P 1.50' IF 0.013 

1.4 510 0.0075 6.1 337.31 inplval~eduun~in~, 

0.2 8s 0.0029 a i  m.07 c~u)~uwncl(plp.). 

4.2 1.100 T&l 



WESTOS-1 T y m  I /  24hr RainfalP4.7W 
Prepaid by GeoSyntec Consulhnls P w  17 
My&oaD@ 6.00 sln -29 8 1966.2001 M i d  Miaommwla Syrlmr 1Z912004 

Subwlchment F R  non-vegetaled final coverlconslrudlon laydown 

149) Hit%: Tc<2m may reWe smaller dl 

Runoft = 21.54ds@ 11.92hrs. Vdume= 1.016al 

WESTOS-1 Type I/ 24fw ReinfalP4.70' 
Prepared by GeoSyntec Cmsultants Page 18 
M A W  6.00 s/n Mo929 e 1986-2001 Waaompulef Sptmr 

Subcatchment G R  (new node) 

144 Hint: Tc<2dl may require m l ! e  dl 

RumR = 0.33cls@ 11.89hs. Volune= 0.015sl 

Type II 26hr Raidalt4.70' 
RW by scs TR-zo ~ w .  UH=SCS. ~ i m  span= o.oc-z4.00 MS. m= 0.05 hrs 

Arealac) CN DercriptiM, 
0.050 89 

Tc L W h  SWm Vclarily Capacity Descriph 
(rnin) &et1 [MI) (Wsec) (CIS) 

0.7 70 0.0500 1.7 shm Fbw. 
Smooth &aas n= 0.01 1 P2= 2.90' 

S w h  aurlaces n= 0.01 t PZ= 2.60- 

Smmlh surfaces n= 0.01 1 P2= 2.60' 

Unrraved Kv= 16.1 rPt 

0.5 60 0.1OOO 2.1 Shed Ftw. 

0.8 150 0.1670 3.1 Shact Fbw. 

0.4 176 0.1700 6.6 ShS)low C a n ~ b a m l  How. 

2.4 455 Tolal 

Subcatchment F R  non-vegetated final coverlconstruction laydown 
HrUOrogr8ph Plo( 

. . . . . . . . .  

, , . , . ,  

o I > I 4 5 a I 8 8 I O  II 12 13 14 IS la 41 I D  IO IO 21 n u 24 
rmo 1-1 

Tc Length Slops Velacity Capachy Derriplian 

0.1 15 0.1300 1.8 Sheet flaw. 
(mm) (leet) (Itltl) (Wsec) Ids) 

Smmlh Burlaces n= 0.011 P2= 2.55' 

Subcatchment GR: [new node) 

$I:] . . . . . . . . . . . . . . . . . . .  . .  .:. 
: . . . . . .  . . . . . .  

~ . . . . . . . . . .  

rype N ZChr ~einfe/1=4. 70' 
Page 19 Prepared by GeoSjntec CansuIlanLs 

WoCAW6.M) dnM)o929 8 tW2001 AudidMaoc~mputnSntm.3 lulvzpe4 

rype N ZChr ~einfe/1=4. 70' 
Page 19 Prepared by GeoSjntec CansuIlanLs 

WoCAW6.M) dnM)o929 8 tW2001 AudidMaoc~mputnSntm.3 lulvzpe4 

Subcatchment HR: non-vegetated final cow area 

~ u m n  = 0.75ds@ 11.99h-s~ Volume= 0.041 al 

R M o R  by SCS TR-ZO method. UHmSCS. Time Span= O.WZ4.W hn. &= 005 hra 
Type It 24-hr Reinlnll=4.70' 

Arealac) CN Oescff~l i i  
0.140 89 

Tc LeogU, slope V&lty C a d l y  DesuiWian 

0.3 25 0.0700 1.6 shnel now, 
(minl (lee() CNn, Wsecl (Cf51 

Srnwthsurfaceri n=O.Oll PZ=2.60' 
8.0 15 0.0010 0.0 Sheel Flow. 

8.3 40 Total 
G r s u : W  n=0.150 P2=2.55' 

Subcatchment HR non-vegetated flnal tOYBr area 

01 
0 i s  

OAT 
0 1  

OM 

!! 045 

a i  

0 o s  

B O '  
Y 015 

0 1  
0 25 
0 2  

0 I5 
0 1  

0 
am 

. . . . .  

. . . . .  

. . . . . . . . . . .  

. .  , . .  
. .  

. . . . . .  ........................ . . . . .  . . . . . . . . . . . . . . . .  .......... ., 

Hydropraph Plot 
. . .  . . . .  . . . . . . . . . . .  ...... ./ .. , . ................. , .  / . . ,  
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WESTOS-1 
Prepared by GeoSjnlec Consultanls 
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Subcatchment J1R construction laydown area 

1491 Hint: TccZdt may require sm6Iler dl 

Rumn = 1.66cfs @ it.9311~. VdUme= 0.073al 

Runoff by SCS TR-20 method. UH=SCS. Thns Span- O.OLI-24.00 hm. a= 0.05 hm 
Type It 2 6 h  Rainfall-4.70' 

Arealacl CN DesCrip(i0n 
0.312 62 

Tc Length Slaw VdocW Capadly Description 

2.8 54 0.1670 0.3 Sheel Flaw. 
lrnln) (leet) (Im) ( W s s c l  (ckl 

GI-: shat n= 0.150 P2= 2.W 

Subcatchment J1R: construchn laydown area 



- E 
L 

&:Sh$t ~ 0 . 1 5 0  P2= 2.60' 

Subcatchment N construdlon l a m  area 

Hydmmaph P M  
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PIR construction laydorm area 
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Prepared by GeoSyntec Consultants 

Subcatchment 0: pond 

(491 Mnl: Tc<2dl may mire smaller dl 

RUIOH = 16.07ds@ 11.8oh. Vahme= 0.S38al 

Runoff by SCS TR.20 method. UH=SCS. Tima Span= 0.0024.00 mi. &= 0.05 hrs 
Type II 24hr Rainfa11=4.70' 

AreaIac) CN Cescriplii 
2.252 98 

Tc Length Slope Vebcity Capaciiy Dewriplan 

1.0 Olrtd EnUy, 
Imin) ffeetl IWR) (Rlsec) (cbl 

Subcalchmnt 0: pond 
Hydrograph Plat 

. . . . .  

o I 7 3 4 5 6 ? 8 e IO 1 9  12 13 I I  13 16 17 in IS 20 21 n 23 za 
T*r* (h-1 

WESTOS-1 rype N 2- Rainleu+. TO- 
Prepared by GeoSyntec Consultants Page 28 
H y d m C A ~ 6 . 0 3  dnoob829 0 1986-ZWl & d i i a d M l u ~ l e r S ~ ~ m r  1219/2004 

Subcatchment PZR ccn~:nrttion laydown area 

R m f l  = O.EScfs@ 12.00hrs. Volume= 0.050af 

R d  by SCS TR-20 method. UH=SCS. 
Tvpe IJ 2 4 k  RainIa11=4.70' 

Time Span= 0.0024 00 hrs. dC 0.05 hm 

Areafacl ui o e s c r ( ~ b n  
0.214 82 

.......... 
Grass: S M  n= 0.150 PZ= 2.60- 

Subcatchment PZR conshdion laydown ama 



WESTOS-1 Tvpe / I  2 W  Rainfall4 70' 
Prepared by GeoSyntec Consultanls page3 
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Reach 4 west channel 

16s) W a m i q :  Ink1 &vatim no( specirrd 

lnRav = 55.70 cis Q 12.19hrs. Volume= 4.566al 
OumW, = 55.45 cts @ 12.2Ohn. Volume= 4.565af. Anen= OW.  Leg= 0.7min 

\ by Slor-lnd+Trans method. Tlme Spsn= 0.00.24.00 hrr. dl= 0 05 hrs 
IOCItF 4.0 fw. Min. Travel Tim= 0.4 min 

ily ' 1.6 fps. Avo. Travel lime= 0.9 min Y- Peak Depth= 1 88' 

CapaCny at bank lulk 426.1 7 d s  
0.W x 4.00' deep channel. n= 0.030 Length- 90.0' S l o p  0.0076 7 
Sideslam .?.value= 2.0 6.07 

Reach 4: west channel 
Hydrograph plot 

. . .  . _ ,  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , .  
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/ ,  

. . . . . . . . . . . . .  I . . .  . ,. . ,  . ' . .  
. . . . . . . . . .  . .  , .  

...................... ................... I . . .  ..... ;. . , I  

Reach 6 west channel 

1651 W m :  lnkl &alia, MI specified 

lnRow = 55.23ck @ 12.21 hrs. Vo)ume= 4.583 a1 
OUlRw = 54.31 cfs @ 12.25 hr6. Vohnns= 4.555 al, Anen= 2%. Lag= 2 8  min 

RouUng by SIrw-lnd+Traw rnelhod. Tlme Span= O.w-24.00 hrs. dt= 0.05 Ius 
Max. Valcdly= 4.0 Ips, M h .  Travellhne= 1.6 mdn 
Avg. V W l y  = t.6 Ips. Avo. Travel Tme= 3.9 min 

Peak Q&= 1 . w  
Cap- a( bank full= 424.60 c k  
0.W a 4.00' &%p charad. n= 0.030 Lenpth= 380.0' Slope= 0.00757 
Stde Sbps Z-value= 6.0 2.0 7 

Reach 6: west channel 

... I . ' , .  . . .  
. . . . . . . . . . . . . .  

. . . . . . .  . . . . . . . . . . . . .  . . . .  . % . .  . . . . . .  

0 I 2 1 I 3 8 7 8 9 I D  I t  12 1 1  I4 15 76 I7 18 IS YO 21 22 ?a 2a 
Th w.1 

Reach 5: culvert 

f521Hi: InY condilim. not evaluated 
1651 Warning: WE+ elevatim not speafied 

lnfiow - 55.45cIse 1 2 . 2 0 k .  Vdume. 4.565af 
OuMOv = 55.23cfs @ 12.21 ho. VorUme= 4.553al. Anen= 0%. Lag= 0.5 mln 

R&ng by SlDr-lnd*TranS melhod. Time Span= 0.00.24.00 hrs. dt= 0.05 hn 
Ma*. VeMly= 4.9 fp5. Min Travel lime. 0.3 min 
Avg. Velmlty = 1.7 Ips, Awg. Travel hme= 0.9 min 

Peak Depth= 1.52 
Capaeily at ban* lulc. 396.64 d s  
A factrw of 2.00 has been a m  to the sup~Hed storage and dascharw data 
72.0'Diameler P i  n= 0.024 LengIh= 95W S- 0.00757 

Reach 5: culvert 

Hydrograph Plot 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  , .  

WESTOS-1 

HvdraCADe3 6 00 d n  ooW29 B 1984.2001 A M  MI=-~IJI~I S w m $  

Reach 7AR: Haul Road Culvert 9 

Tvpe / I  24-hr RaIntWM. 70' 

1- 
Preparad byGeoSynlec Consutlanls p-36 

1521 Hid: Idel condilqns not evaluated 
1651 Warning: Inlei clevain nd specified 

lnfiav = 57.06&@ l2.25hrs. Vdume= 6.100al 
Chdl?ow = 57.60cfs@ 12.26hrs. Votume= 6.096af. AHen=,OY.. Lse=0.4mh 

R d n g  by Slor-lnd*Tram mslhod. lime Span= 0.W24.00 hrs. dt= 0.05 hrs 
Max. V W i t y ;  5.4 fps. Min. TfavelTime= O.3min 
Avg. Velocily = 1.9 fp. Avg. Travel T h e =  0.7 min 

Peak Dapthn 2.44' 
Capaoityat banklull= 166.63 CIS 
72.o'Oiamelef Pipe n= 0.024 Length. 81.5' Slope= 0.0053 7 

Reach 7AR: Haul Road CulwM 1 
Hvdrmrmrh P(0l 

. . . . . . .  E 
E .......................... . . , . ,  
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Type I/ 24-hr RainhR==. 70' 
P e  41 

121912oOo 

Reach 8BR: Culvertat Sed BaJn 2 entrance 

152) t(lnL lnlH cor&ons no( evaluated 
[GSJ Warning Intel elevam not qmuoed 

by Stor-IndtTram melhod. t i  Span= 0.00-24.00 h. dl= 0.05 hm 
6.8 Ips. Min. Travel Ttme- 0.1 min 
2.5 Ips. Avg. Travel Erne= 0.2 rnin 

Peak DepW 1.62 
Capacity at bank full= 535.70 CIS 
A laclu 01 2.00 has been applied to the supplied storage and discharge data 
72.0~DiameIerPi~e n= 0.013 Leah=  30.0' S)opa= 0.00407 

Reach 88R: Culvert at Sed Easln 2 entrance 

nedr.=.ppm piat . . .  . . . . . . .  . . . . . . . . . . . . . . . . . . . .  . . .  . I  . ..,. , 
. . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Reach B C R  Channel into Sed Bmln 2 

1651 Waming: InY  elwalion no( @led 

lnlbw = BB.29c(s@ IZ.Mhrs. Volume= 8.778~1 
o w  = 85.Wds@ 11.05hrs. Volume= 8.nld. A h = o % .  Lag=O.jmin 

Rouljrq by Sta-lnd*Trans m e w .  tlme Span= 0.00-24.00 hrs. dt= 0.05 hrs 
M a .  velocity= 6.6 Cps. M i .  Travel lime= 0.2 mh 
Avg. Velocity = 2.7 Ips. Avg. T a d  Time= 0.4 rnin 

Peak Depth- 2.12 
Capacity a1 bank full= 728.1 2 ds 
1.lr x 5.W deepchannel. n=0.030 Le*-627 S)ape=Oo.0159'f 
si s m   value= 2.4 2.3 'I 

Reach 8 C R  Channel Into Sed Basin 2 

Type II 24411 ReInfalH. 70' 
Prepared by GwSynlecConruHenb Pese 43 
~ & A W  8.M 41n OOO929 0 l8116ml W e d  MiU.oCWilDUI~ SYSIWnt 

R e d  9AR: Exlendad Dralnge Channel South of Cell 8 

[65] Warning: Inkt elevauOn nol spec(flsd 

Idow = l o ,Wds@ 11.91hre. Volume= 0.462al 
0vmow = 9.65cls@ 11.83hrs. Volume= 0.461 al. Anen= 3%. Lag= 11min 

~ouung by Slor.lndtTranS method. Timr Span= 0.00-24.M) hrs, dl= 0.05 hrs 
MS*. v e l a ~ t ~  4.3 ips, h. ~rawsl rw= 0.8 rnm 
A*. V e w  = 1.5 Ips. Avg. Travel tm= 2.2 min 

Peak DepuI= 0.87 
cepadty at bank MI= 263.84 CIS 
0.W II 3.W deep-. n=0.030 Lenglh; 197.0 Slope- 0.02437 
side slope z-relue; 3.0-r 

Rea& BAR: Extended h a i n g o  Channel South of Cell 8 

Type I1 2 4 h  Rainlafl4.70' 
PBge 44 

WESTOS-1 
prepared by GeoSynlec Consullanls 
HvdrDcAD(D 6.W ah ON929 0 188&aoO1 A p W  M!€monnpu(w SVaems 

, Reach SBR: (new node) 

[52] Hint: Inkt mndllims not evalualed 
185) Warning. lnlel elevation not speciRed 

lnllmr = 9.65~13 @ 11.93 hrs. Volume= 0.461 af 
oumo*r D 9.51 CIS @ 11.94 MS. Vokns= 0.461 al. Anen= 1% LSS- 0.3 mln 

Rwllng Dy Star-lnd*Trens melhod. T i  Span= O.oQ24.00 h. a= 0.05 hm 
Max. ve(Dcity= 5.5 Ips. M i .  Travel Tkna= 0.3 mhr 
A q .  Velaity = 1.8 rpS, Avg. Travel Time= 0.9 m'n 

Peak D@h= 0.88' 
Capacity at bank lull= 357.73 CIS 
72.0- meter pice n= 0.024 Lenglh- 88.0' slope= 0.02437 

Reach 9BR (new node) 
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I .  

................................ 

. . . .  , . ,  
* .  . . , . .  .............. ;..I . . . . . .  

. .  . I .  , I  

_ _ _ , _ .  .... 
, .  . . . . . . . . .  . .  , .  ... / .  . . .  

. .  ... c . . . . . .  . . . . .  
/ .  

.,.. . . . .  
. .  ... ......... 
. .  ......... . . .  
. I  

... ......... 
, .  . . . . . . . . .  . .  . .  . I  ..: ..,.. 

I . .  . .  ....... 
, .  

........... . . .  
... !... .... 



ESTOS-1 J y p  I /  24-hr f?ainfnlJ=4.70' 
Page 49 

dmcAwD 6.W &I OOO929 Q 198&2a)l Aprrsd M i u ~ ~ a r  Svslms tu812004 
epaced by GeoSynlec Consultants 

Reach t1AR: (newnode) 

PI Wamlng: IrJe( elevaticm mt spgw 

kw = 28.17dS@ 12.00 hrs, Volme= 1.415al 
&w = 28.02cf%@ 12.00hrj. Volume= 1.475& Allen=l%. L8g-O.lmin 

hg by Sln-ltldiTfans method. T i  Span= 0.W24.00 Ius. dl= 0.05 hrs 
e!acW 2.7 tps. Min. T m d  lime;: 0.1 min 
IOCIly = 0.7 Ips. Avg. Travel T n e =  0.4 min b 

ak Lkp~h= 1.02 
pacity at bank MI= 571.70 CIS 
10' x 4 . W  deep channel. O.OM Length= 16.0 Slope= 0.M144 7 
le Slope Z-value= 3.0 7 

WESTOS-1 

W 1 ~ 6 . 0 0  sin ayr)29 e lSB6-2001 W Micloo(mpule~ Svstms 

Jvpo fJ 24-hr Rainfa!/==. 70' 
Prepared by GeoSynlec Consultants Peee 50 

Reach 11R culvert 

[52] Hint: IM o o n d i h  nol avatualed 
[6q W a r n :  tnbi elevation not specified 

l n h  = 28.73ds@ 11.99hm.Vdrene* 1.481af 
OW = 2 8 . i o d s g  1 2 . ~ ) ~ .  vohme= (.&oar. Anen=%. ~ a g = o . ~ m i n  

Routhg by Stw-IndtTranz melhod. Time S p w  0.00-24.00 hrs. dl- 0.05 hn 
Mar. Velocity= 2.1 Ips. Mm. Tfavet lime-. 0.4 mln 
Awg. V e l a i i  = 0.6 fps. Avg. Trovel Tim= 1.3 min 

Peak Deplh= 2.92' 
Copaciry al bank fun= 59.89 CIS 
72.C Diameter pipe n= 0.013 Lenglh= 50.0 Slop- O.OOO2 7 

Reach 11AR: (new node) 
Hydrograph Plot 

. . . . . . . . . . . . . . . . . . . . .  . . . . . . .  ........................ I... :. , .  . .  . . ,  . 

Reach 11R: culvert 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Hydrognph Plot 
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Reach 12: Culvert from F streel Dralnage Channel 

Hbl Intel conditiQn0 not walualed 
W w m g .  Intel & w a h  nol specifled 

m D 38.39cfs63 11 99h.  Volume= 1.97661 
~lm = 35 75ch @? 12 00 hs. V-= 1.975 al. Atfen. 2%. Lag= 0 1 min 

WESTOS-1 
Prepared by GeoSynlec CMsultanls 
IhdrOc*~6.00 slnm29 0 1986z001 ADoued wcJuwnpl( el sw- 

rvpe / I  26hr Ra/nfaU=.=.. 70' 
Page 62 

Reach 13: (new node) 

1521 Hint 1-1 d t b m  wn evahsted 
[Sq Wamlyr Inkt alewslion nd specihi 

I d  4,48ClS@ 1 2 2 5 h .  VQme. 0.433aI 
Ombw = 4.46dr @ 1228 hn. Vahme= 0.432 SI. Allen= 0% Lag= 0.8 rnm 

Rcdng by Sb~-(nd+Trans rnslhod. Time Span= O.OG24.00 hn. rJ@ 0.05 hm 
Max. Velaap 4.6 Ips. U h  Tmvel Time= 0.4 mfn 
Avg. Valocily = 1.8 Ips. Avg. Travel Time= 1.1 min 

Peak m- 0.45 

72.r Diameter pi, n= 0.013 Length= 120.0 Slope= 0.0083 'r 

Reach 13: (new node) 

CapacJly a( bark M= 386.61 CIS 

ring by Slor.lnd+Trao memod. Time Span= 0.0024.00 hrs. dt= 0.05 tu8 
L Vebcttp 4.3 tps. Wn. T m B l  Tm= 0.5 min 
1. ve~city = 1.3 tps. ~ v g .   rad rt= 1.6 min 

k DepvI= 1.24' 
d r y  el bank MI- 387.80 CIS 
r(0r c1z.W has ten a&ed lo Me supplied alaagn an4 discnargn data 
r - ~ ~ ~ i p e  n = o . ~ ~ ~  L ~ = I I O . ~  slope=o.w~i*r 

Reach 12: Culvert from F Street Drainage Channel 
llydm- PI01 
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Culvert DesignerlAnalyzer Report 
east node 11 

I$ . Design:Trial-1 

Solve For: Headwater Elevation 

Culvert Summary 

Allowable HW Elevation N/A R Storm Event Design 
Computed Headwater Efev; 586.64 fl Discharge 79.65 cfs 

Inlet Control HW Elev. 586.64 R Control Type Inlet Control 
Outlet Control HW Elev. 586.63 R 

Headwater DepthlHeight 1.32 Tailwater Elevation 584.74 n 

Grades 

Upstream Invert 583.67 fl Downstream Invert 583.58 ft 
Length 40.00 R Constructed Slope 0.002355 fwt 

Hydraulic Profile 

Profile M2 Depth, Downstream 1.80 A 
Slope Type Mild Normal Depth NIA A 
Flow Regime Subcritical Critical Depth 1.80 R 
Velocity Downstream 7.80 A/s CriUcal Slope 0.004563 ft/ft 

Sedbn 

Section Shape Circular Mannings Coefficient 0.01 0 
SectibmrlJBil(sYHDPE (Smooth Interior) Span 2.25 R 
Section Size 27 inch Rise 2.25 ft 
Number Sections 3 

Outlet Control Properties 

Outlet Control HW Elev. 588.63 R Upstream Velocity Head 0.76 R 
Ke 0.20 Entrance Loss 0.15 A 

Inlet Control Pmperties 

Inlet Control HW Elev. 586.64 fl Row Control Submerged 
Inlet Type Groove end projecting Area Full 11.9 A# 
K 0.00450 HDS 5 Chart 1 
M 2.00000 HDS 5 Scale 3 
C 0.03170 Equation Form 1 
Y 0.69000 

5 8 4 5  

Title: Fernald OSDF Phase V Revision Project Engineer: VMoria Cheplak 
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Culvert Design Report 
east node 28R 

0esign:Trial-1 

Solve For: Headwater Elevation 

Culvert Summacy 

Allowable HW Elevation NIA R Storm Event Design 

Headwater DeplhMelght 1.03 Tailwater Elevation 586.01 R 
Inlet Control HW Elev. 687.87 R Control Type Outlet Control 
Outlet Control HW Elev. 588.02 R 

computed Headwater ElevaUon 5~1.02 n Discharge 77.45 cfs 

Grades 

Upstream Invert 585.20 R Downstream Invert 584.79 ft 
Length 85.73 fl Construded Slope 0.004782 l?/R 

Hydraulic ProNe 

Profile M2 Depth, Downstream 1.64 ft 
slope Type MIW Normal Depth . 2.01 ft 
Flow Reglme Subcritical Crltlcal Depth 1.54 ft 
Veloctty Downstream 6.80 Ws Cdtb i  slope 0.009123 fvft 

Sedbn 

Section Shape Arch Mannings Coefficlent 0.019 
Section Material Steel and Aluminum Var CR Span 4.08 fl 
Sedion Size 49 x 33 inch Rise 2.75 ft 
Number Sections 2 

Outlet Control Pmpertles 

Outlet Control HW Elev. 
Ke 

588.02 A Upstream Velocity Head 
0.90 Entrance Loss 

0.48 fl 
0.44 fl 

Inlet Control Pm~erties 

Inlet Control HW Elev. 587.87 R Flow Conlrol NIA 
Inlet Type Thln wall proJedlng Area Full 17.8 Q 
K 0.03400 HDS 5 Chart 34 
M 1.50000 HDS 5 Scale 3 
C 0.04960 Equation Form 1 
Y 0.57000 

Mls: Fetnald OSDF Ph- V Revision ProJed Engl~ec M o r i a  Chepbk 
h:\ ... b138tOsdfiOaSt osdf ariverts r~viesd.cvm OeoSyntec Consultanla CuhreftMaater v3.0 [3.0003] 
06/14/04 0252:40 PM 0 -08th Methods. lnc. 37 Brdoknkle Road Watsrbury. CT 06708 USA +1-203-755-1868 Page 5 
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Culvert DesignerlAnalyzer Report 
west node 8BR 

Design:Trial-1 

Solve For: Headwater Elevation 

Culvert Summary 

Allowable HW Elevation 
Computed Headwater Elevi 575.43 R Discharge 85.60 cfs 
Headwater DepthlHeight 1.10 Tailwater Elevation 573.32 R 
Inlet Control HW Elev. 575.30 ft Control Type Outlet Control 
Outlet Control HW Elev. 575.43 R 

577.00 R Storm Event Design 

Grades 

Upstream Invert 572.12 R Downstream Invert 572.00 R 
Length 30.00 ft Constructed Slope 0.004000 WR 

Hydraullc Profde 

Profile M2 Depth, Downstream 2.13 R 
Slope Type Mild Normat Depth 2.50 R 
Flow Regime Subcritical Critical Depth 2.13 R 
Velocity Downstream 7.97 fvs Critical Slope 0.005654 WR 

Sedbn 

Section Shape Circular Mannings Coefficient 0.013 
Section Material Concrete Span 3.00 R 
Section Size 36 inch Rise 3.00 fl 
Number Sectlons 2 

Outlet Control PIoperties 

Outlet Control HW Ekv. 575.43 R Upstream Velocity Head 0.83 fl 
Ke 0.20 Entranoa Loss 0.17 fl 

Inlet Control Properties 

Inlet Control HW Elev. 575.30 R Flow Control Unsubmerged 
Inlet Type Groove end w/headwall ’ Area Full 14.1 flz 
K 0.001 80 HDS 5 Chart 1 
M 2.00000 HDS 5 Scale 2 
C 0.02920 Equation Form 1 
Y 0.74000 

Title: Fernald OSDF Phase V Revislon 
h: I... \westosdf\west osdf culverts revlsedlOOO1b.cvm 
12/10/04 02:18:05 PM 0 Haestad Methods. InC. 37 Brookside Road Waterbury. CT 06708 USA +1-203-755-1666 

Project Engineer: Victoria S. Cheplak 
CuhrertMaster v3.0 [3.0003] 
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Culvert DesignedAnalyzer Report 
west node 9BR design 

Design:Triat-l 

Sobe For: Headwater Elevation 

Cutvert Summarv 

Allowable HW Elevation N/A R Storm Event Design 
Computed Headwater Eievi 580.52 R Discharge 9.65 cfs 
Headwater DepthlHeight 1.63 Taihvater Elevation 576.97 R 
Inlet Control HW Elev. 580.52 R Control Type Inlet Control 
Outlet Control HW Elev. 580.48 fl 

Grades 

Upstream Invert 578.08 R Downstream Invert 576.00 fl 
Length 88.00 R Constructed Slope 0.023636 fvR 

Hydraulic Profle 

Profile s2 Depth, Downstream 1.04 fl 
1.04 R Slope Type Steep Normal Depth 

Flow Regime Supercritical Critical Depth 1.20 R 
Velocity Downstream 7.38 fvs Critical Slope 0.016952 fvft 

- ~~ 

Sedion 

Section Shape Circular Mannings Coefficient 0.018 
Section Material CMP Span 1.50 R 
Section Size 18 Inch Rise 1.50 A 
Number Sections 1 

Outlet Control Properties 

Outlet Control HW Elev. 580.48 n Upstream Velocity Head 0.63 R 
Ke 0.90 Entrance Loss 0.57 R 

Inlet Control Properties 

Inlet Control HW Elev. 580.52 fl Flow Control Submerged 
Inlet Type Projecting Area Full 1.8 R’ 
K 0.03400 HDS 5 Chart 2 
M 1.50000 HDS 5 Scale 3 
C 0.05530 Equation Form 1 
Y 0.54000 
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Culvert DesignerlAnalyzer Report 
west node 1 I R design 

. 

Culvert Summaw 
~ 

Allowable HW Elevatlon NIA R Storm Event Design 
Computed Headwater Elevi 582.31 ft Discharge 28.73 cfs 
Headwater DepthlHeight 2.40 Taitwater Elevation 579.94 R 
Inlet Control HW Elev. 581.53 R Control Type Outlet Control 
Outlet Control HW Elev. 582.31 fl 

Glades 

Upstream Invert 577.50 R Downstream Invert 577.50 fl 
Length 50.00 R Constructed Slope 0.000000 ft/R 

Hydraulic Pmfrle 

Profile PressureProAle Depth. Downstream 2.44 R 
Slope Type NIA Normal Depth NIA R 
Flow Regime NIA Critical Depth 1.84 R 
Velocity Downstream 9.15 Ws Critical Slope 0.013997 WR 

Section 

Section Shape Circular Mannlngs Coefficient 0.013 
Span 2.00 R Sectlon Material Concrete 

Sectlon Size 24 inch Rise 2.00 R 
Number Sections 1 

Y 
Outlet Control Properties 

Outlet Control HW Elev. 582.31 R Upstream Velocity Head 1.30 ft 
Ke 0.20 Entrance Loss 0.26 fl 

Inlet Contrnl Properties 

Inlet Control HW Elev. 581.53 R Flow Control Submerged 
Inlet Type Groove end projecting Area Full 3.1 ft’ 
K 0.00450 HDS 5 Chart 1 
M 2.00000 HDS 5 Scale 3 
C 0.031 70 Equatlon Form 1 
Y 0.69000 

Title: Femald OSDF Phase V Revision 
h:\ ... \westosdnwest osdf culverts revisedlOO%.cvrn 
12l~0104 02:20:59 PM (B Haestad Methods. InC. 37 Brookslde Road Waterbury, CT 06708 USA +1-203-755-1666 

Project Engineer: Vktoria S. Cheplak 
CulvertMaster v3.0 [3.0003] 
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Culvert DesignedAnalyzer Report 
west node 12 design 

Culvert Summary 

Allowable HW Elevation 581.90 ft Storm Event Design 
Computed Headwater Elevc 579.99 fl Discharge 36.39 cfs 
Headwater Depthhieight 1.60 Taitwater Elevation 577.18 ft 
Inlet Control HW Elev. 579.46 ft Control Type Outlet Control 
Outlet Control HW Elev. 579.99 ft 

Grades 

Upstream Invert 576.00 R Downstream Invert 575.75 n 
Length 119.24 n Constructed Slope 0.002097 fvft 

Hydraulk Profile 

Profile CompositeM2PressureProfile Depth. Downstream ' 2.05 ft 
Slope Type Mild Normal Depth NIA ft 
Flow Regime Subcritical Crillcal Depth 2.05 ft 
Velocity Downstream 8.47 fUs CriticalSlope 0.007900 fWt 

Sedion 

Section Shape Circular Mannings Coefficient 0.01 3 
Section Material Concrete Span 2.50 ft 
Sedlon Size 30 inch Rlse 2.50 ft 
Number Sections 1 

Outlet Control Pmperties 

Outlet Control HW Ebv. 579.99 n Upstream Velocity Head 0.85 R 
.Ke 0.20 Entrance Loss 0.17 R 

Inlet Control Pmperlies 

Inlet Control HW Elev. 579.46 R Flow Control Su brnerged 
lnfet Type Groove end projecting Area Full 4.9 n= 
K 0.00450 HDS 5 Chart 1 
M 2.00000 HDS 5 Scale 3 
C 0.031 70 Equation Form 1 
Y 0.69000 

Title: Fernald OSDF Phase V Revision Projed Englneer: Victoria S. Cheptak 
h:L .\westosdnwest osdf culverts reuisedlOO%.cvm GeoSyntec Consultants CuhreaMaster v3.0 [3.0003) 
12/10/04 02:21:23 PM Q Haestad Methods. lnc. 37 Brookside Road Waterbury. CT 06708 USA +1-205755-1886 Page 2 01 2 



Culvert DesignerlAnalyzer Report 
west node 53 

Design:Trial-1 3 - 
Solve For: Headwater Elevation 

Culvert Summary 

Allowable HW Elevation 581.50 R Storm Event Design 
Computed Headwater Elevr 580.20 R Discharge 4.46 ds 
Headwater DepthlHeight 0.80 l a  itwater Elevation NIA R 
Inlet Control HW Elev. 580.16 f l  Control Type Entrance Control 
Outlet Control HW Elev. 580.20 f l  

Grades 

Upstream Invert 579.00 ft Downstream Invert 578.00 f l  
Length 120.00 R Constructed Slope 0.008300 R/R 

Hydraulic Pmfde 
~~ 

Profile s2 Depth, Downstream 0.72 R 
Slope Type Steep Normal Depth 0.72 R 

Veiocity Downstream 5.32 Ws Critical Slope 0.005570 fvft 
Flow Regime Supercritical Critical Depth 0.81 fl  

Sed bn 

Section Shape Circular Mannings Coefficient 0.013 
Section Material Concrete Span 1.50 R 
Section Size 18 inch Rise 1.50 R 
Number Sections 1 

Outlet Control Pmperlies 

Outlet Control HW Elev. 580.20 R Upstream Velocity Head 0.33 R 
Ke 0.20 Entrance Loss 0.07 R 

~~ ~ _ _ _ _  

Inlet Contml Properties 

Inlet Control HW Ekv. 580.16 f l  Flow Control Unsubmerged 
Inlet Type Groove end projecting Area Full 1.8 A’ 
K 0.00450 HDS 5 Chart 1 
M 2.00000 HDS 5 Scale 3 
C 0.03170 Equation Form 1 
Y 0.69000 

Title: Fernald OSDF Phase V Revision Profed Engineer: Victoria S. Cheplak 
h:L..\westosdf\west osdf culverts revisedl OO%.cvm GeoSyntec Consultants Culvertblaster v3.0 [3.0003] 
12/io/o4 02:21:43 PM 0 Haestad Methods. Inc. 37 Brookside Road Waterbury. CT 08708 USA +1-203-755-1666 Page 2 of 2 
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13.3 OSDF PHASE V, EAST 2000-YEAR 
DRAINAGE CHANNEL EVALUATION 
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ADDENDUM TO SECTION 13.3 

(REVISION 2A DUE TO CELL 8 EXPANSION DCN) 

This addendum details the calculations that were revised within Section 13.3, OSDF Phase 
V, East 2000-Year Drainage Channel Evaluation, of the Find Design Calculation Package for the 
Fernald Environmental Management Project (FEMP), due to the re-design of Cell 8. This re- 
design, referred to as the Cell 8 Expansion DCN, encompasses the extension of Cell 8 by 
approximately 100-feet to the South. This addendum discusses the modifications made to this 
calculation package as Revision 2A and as associated with this DCN. 

For Revision 2A to this calculation package, the critical case for the drainage channel 
aligned along the east perimeter of the OSDF during the 2000-Year, 24-Hour Storm (i.e. the 
2000-Year Drainage Channel) was evaluated to confirm the adequacy of the channel using the 
revised channel and OSDF geometry. This critical case is presented as the Heavy Vegetation 
Scenario, which considers Manning's n values of 0.24 for sheet flow and 0.07 for channel flow. 
The surface water management system was modified to reflect the design changes resulting from 
the expansion of Cell 8 and analyzed to verify the adequacy of the channel. For this submittal, 
only the Heavy Vegetation Scenario was modified; it should be noted that the Light and 
Moderate Vegetation Scenarios, detailed in this section, were not modified as they are less 
conservative than the critical Heavy Vegetation Scenario and are therefore not presented. 

In order to present the results of this DCN analysis in an efficient manner, only the 
attachments that summarize the modifications and updated results for the 2000-Year Drainage 
Channel Evaluation with regard to' the DCN are presented. These attachments are listed 
subsequently and explained in further detail. 

Attachment A-1 - Layout of 2000-Year Storm Design Scenarios. This layout 
demonstrates the revised configuration of the OSDF. Each surface water structure is 
labeled as identified in the hydrologic analysis. 

= Attachment A-2 - Nodal Network Diagram. This diagram demonstrates the 
revised configuration of the surface water management system as a result of the 
DCN. 

= Attachment B-2 - Data for Calculation of Time of Concentration. These data 
demonstrate the revised flow paths used to calculate the time of concentration for the 
revised configuration of subcatchments used in the hydrologic analysis. 
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Attachment C-1C - HydroCAD Output Reports - 2000-Year, 24-Hour Storm - 5 8 6 5  
Event, 2000-Year Design Scenario - Heavy Vegetation. This attachment provides 
the results of the hydrologic modeling for the 2000-Year Drainage Channel under the 
Heavy Vegetation Design Scenario for the 2000-Year, 24-Hour Storm, which is 
considered the critical case for these calculations. 

Attachment C-2 - Weighted Curve Number Calculations. These calculations 
present the revised areas and Curve Numbers for the revised configuration of 
subcatchments used in the hydrologic analysis. 

Attachment C-3 - Tabulated Channel Analysis Results. These results present the 
revised channel characteristics (Le., geometry), flow within each channel, and 
hydraulic characteristics including peak flow depth and available freeboard, for the 
revised configuration of the 2000-Year Drainage Channel used in the hydrologic and 
hydraulic analysis. 

Based on the analyses for the design change of the expansion of Cell 8, the 2000-Year 
Drainage Channel is adequate to convey the 2000-Year, 24-Hour Storm Event and provide the 
required freeboard. . 
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llYDROCAUTM INPUT PARAMETERS FOR THE CALCULATION OF TIME OF CONCENTRATION 
2000 YEAR STORM DESIGN SCENARIO - HEAVY VEGETATlON 
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OOOYE-1 
repared by GeoSmIec Consultants 
ydIocArm8.W shl oowz9 0 1SBB.ZMl A w l i  W a o m n M n  Svrtmr 

Type I/ 24-hr Rainfaw: 13.00' 
paoe 1 

1 wape4 

l71W span=O.M24,00hrs. dlc0.05 hrS. 481 @nlS 
Rumfl by SCS lR.20 memod. uH:SCS. Type tI 2 4 h  Ramlak= 13.00' 

Reach muling by Sia.lnd+Trans method . Pmd rmlinp by Sla-lnd m e W  
. 

ubcakhrnnl *: v e w t e d  fid cover 
Tc025.4 m n  CN.99 /\rea=2.601 BC R m l b  27 04 ds 2.780 0f 

E: v e w m e d  RMI cover 
Tc=i2.lmm CNZ99 h a = l . 6 3 7 a c  RunoIh2487dr 1.754el 

ubcatchmenl C vegelated tinat cover 
Tr-29.9 m h  CN-99 Awa4.960 ac Runolls 4B.IOcla 5.297 al 

ubcatchrnen10: vsge(ated final c m w  
lci28.2min CN-99 /\roo=4.746ac Runoll. 41.77 cla 5.070al 

ubcalchmenlODR: [new node) 
7cs13.0mbr CNS99 Area=0.9Wac R d i l  13.90dr 1.028 31 

hxtchmern €: vegetated find COW 
Tc-27.5 rnin CU.99 Area.4.946 ac R&= W.54 d s  5 285 el 

ubcaimmm( F voge(ated nnal cover 
k=28.omin CN-99 &s~=1.814 nc Rumn= 4&59ds 5 i k 3 a l  

W c h n u n t  FFR: roge(eled finel m r  
Tc=27.7 m h  CN-99 /\rea-k 670 ac R d -  47.49 d s  4.990 al 

rbcst&mnlO: VeQeIaled Rnal cover 
Tc=28.0 rnh CN.99 Aren=4.846 nc Rumfl= 49.93 CIS 5.204 SI 

rbeatchmenl HR: vegolated13nal cover 
le46 2 nhl CNr99 /\rea=4.590 ac Runon= 48.22 cfs 4.805 a1 

rbcalchmenl I: - oasl d OSDF 
Tc=M.4 mM CN.90 IVesO.530 ac R ~ = 6 2 4  d s  0.511 af 

2bcatchmenl IR: t n a  node) 
Tc~19.2mh CN.89 Arev0.710ac R m f l = 8 . 8 4 d s  0.760d 

~Mhnnt k runm east d OSOF 
lc4&S mh\ ul=%l Ama=t.ZI? ac. R d =  9.01 ds 1.207 d 

I b C a t C M  JR: hew node) 

~bcalchmenl K. runm end of 0- 

Tc=22.1 mh CN=99 Areas2.1008~ Run&= 21.75ds 2.587d 

Tc=62.4 min CN.88 Area.2.823 at Ruan= 14.65 dr 2.425 II 

rype 11 24-hr Ra/n/e/i=T1oLp 
repared by GeoSynlec ConsvUanls pace 3 
@ d l C Q Q &  

Path 9: .art Muxl mch U 1 1 0 . 4 2 h  17.353d 
LSngni 475.0' Max Vel- 1.7 lps CapaCiF 5.717 07 ds 0u-m 108.711 dr) 17.290 a( 

lnoar 294.37 d s  4E.932 al 
Lagm- 144.0 Mer Vel= 2.7 Ips Capaiiw 1.284.51 ds Ovmap 283.60 CIS 48.802 DI 

Mbr 300.45 d S  50.229 0f 
Lenglh= 156.0 Max Vel= 2.1 Ips Capsci(p 421.75 CIS hmbu; 298.99 d s  50.144 SI 

wkr= 171.13cls 27.440el 
LonOm= 170.0 Urn Vd= 2.5 Ips Capacity= 543.34 cls &mow= 1 7 1 . 2 e d ~  27.416al 

Runcll Area = 79.507 LE Volume = 79.624 at A v e r w  Depth - 12.W 

Bach 9R: (new node) 

Yach l o r n  (m nosol 

tach 11: (newnodo) 

Subcatchment L: w o n  east of OSOF 
Tc=37.2min CN-a6 /\res=1.779ec 8unon= 14.28ds 1.653d 

Sukalchmenl Y: runon enst ot OSDF 
Tc=59.5 min Ur-86 IVea.7.234 x R m t b  41.83 d s  6.693 d 

Subcetchmsnt N nmon 0-1 of OSDF 
1 ~ 4 8 . 1 m  CN=85 AtOa=lm64 ac R d =  7 7 . 5 2 ~ 1 ~  10.687al 

Subcel&hmntO runon c a d  of OSDF 
Tc=44.0mm CN.86 AIea=10.935ac RmoH= 78.19ds 10.149d 

Subcatchment 0: r u n m  easl d O S f f  
T c = 4 0 . ? m  CN-87 /\roa=1.520ac R d =  11.56cls 1,428al 

In* 52.41 CIS 5.051 e l  
L-lh- 405.W Max Vel= 1.5 Ips Capacilp 1.099.51 dr oumowl 49.07 ds 5.034 SI 

Reach 2: NrWR C h w n d  1nlb*--1W.36cfs 11.59af 
Lmgth- 385.0' Max Vel= 2.2 IPS Capaalp 880.57 clr Oucmw= 102.73 dr 11.513 d 

W 155.41 dr 19.009el 
Lmg!A= 405.0 Mnx Vel= 2.7 Ips Cwacilp 681.67 d s  Cmmbw= 153.39 d s  18.973 0f 

Reach 1: N n d I  channel 

Reach 3 runoff chennel 

Reach 3 R  (new node) oumar; huwF 18GOo 180.00 cfs dr 28.644 2 8 . m  a( af 

In- 206.22 ds 25.91 I el 
Length= 395 0 M a x  Vd= 2.4 Ips Capscily= 590.36 d s  OVmap 203.76 ds 25.859 81 

In- 236.60 ch 31.002 e( 
Lmg!A= 405.1 MaxVd= 2.5 Ipr CspaCiEp 360.07 d. ourno*; 234.19 d s  30.942 a( 

loll-'= 262.61 c k  35.226 el 
Lmgth- 480.0' Max Vel= 2.6 l p  CqmAy= 433.33 d s  (M(larr; 259.87 d s  36.144 ~4 

Reach 4: runoft channel 

Reach 5: -off channel 

Roach 6 ~ n d l  channel 

Reach7 east Nnondlcch 
Length. 395.0 Mar Vel= 0.0 Ip Capscilp 104.13 ds Oumar 0.00 cfs O.OO0 a l  

Wlar279.05ds 41.049ef 
LengVl= 467.0 Mar Vel= 2.6 Ips Capscilyn 176.60 d s  (MRnr 277.04 CIS 40.862 af 

bma*o 41.C.i cls 6.693 el 
Lenglh-405.0' Marvel= 1 . 3 1 ~ ~  Cwacitp 788.96clr OuIllcw=4l.21 ds 6 . 6 6 1 ~ 1  

1- 299.24 cfr 45.952 a1 
Lagh. 241.0 Max Vel= 2.8 fpr C w p  433.14 d s  hrll)or' 292.95 d s  45.904 d 

Reach 7R: [ner node) 

/ 
Reach 8: asst runon dilch 

Reach OR: (nmu nodo) 

5865 
1oooYE-1 Type If 24-hr Rahfa/b13.00' 

pace 4 Prepared by GeoSynlec Consullannts 
HldrocADW6.00 WOO0929 0 1 8 8 6 2 W 1  AcdmdUieragqnMw Syllms 1 u r o m  

Subcatchmenl k vegetsted final cover 

RmoA = 2 7 8 4 d s @  1217hm. Vdume= 2.780al 

RUIION by SCS TR-20 mdhd. UWSCS. T W  Sparv 0.0024 00 MS. d P  0 05 ha 
Tvpe It 24h1 Rsin1an;ilJ.W 

Afeabc) CN Descripllon 
2.601 99 

Tc Length sbpe V & d i y  Caoacity Desaiptim 

10.1 80 0.050 0.1 Sheet Flow, 

5.5 Bo 0.1Ooo 0.2 sha( Flow, 

(mln) (feet) (nml (Waec) Ida) 

Grms: Dense n- 0.240 P2= 2.M)' 

Grass: Dense n= 0.240 P?=Z.BO' 

GIessDense w0.240 P2.2.60' 

Unpaved Kv=16.1Ips 

9.3 150 0.1700 0.3 sim& Flow. 

0.5 180 0.1700 8.6 Shallow Cmcsnlmted Flow. 

25.4 490 Total 

Subcatchmenl k vegetated finel cover 

. . .  Hylbc+I.pll Plal 
. .. ......... . . . .  , ....... , . 



sukatchment E: vegetated hnal tom 

mfl = SO.Udr@ IZZOh,. Vohme= 5.285al 

'QR 24- -13.W 
mn by scs m-m memod. wscs. T i ,  sparr 0.00-24.00 h r ~ .  a= 0.05 h r ~  

W n .  Den- n= 0.240 P2= 2.60' 

Grass: Dense n= 0.240 P2= 2 . W  

Grass: Dense n= 0.240 P2= 2.60' 

Unpaved Kv= 16.1 fps 

Bd.W.O.00' 0.3.32' 2.6.0 6 4 .07  n= 0.070 

Bot.W=0.00' Lk3.37 Z= 6.0 6 3.07 n- 0.070 

5.5 60 0.1Wo 0.2 shsci now. 

9.3 150 0.1700 0.3 shea fhv.  

0 4  170 0.1700 6.6 Shallow Cmccnlrared Flow. 

0.4 SO O.oW5 2.0 1011.55 TrapNwiReUChanelFlm, 

1.8 3 m  0.0105 (LO 148.5~) I ~ ~ N w R o ~ ( c ~ ~ ~ ~ F I ~ ,  

27.5 840 Tdal 

Subcatchment E: vegetated final cover 

Hld.whPld 

2000YE-1 Tvpc II 24-hr Rehh/f=13.00' 
Pa@3 10 Prepared by GeoSyntec Consullanls 

Hvdrd-6.W gnnoOo929 8198822001nppl1edMioaanauterSYs1ms W l W  

Subcatchment F vegetated final cover 

Runon - 48.59ch@ 12.20hrs. V d m =  5.1438f 

Ruan by scs ~ R - 2 0  method. un-scs. Time Spsn=0.oaz4.w IUS. a= 0.05 hrs 
Tvpe I I  24-hr Rainfall=l3.W 

Arealac) CN Desmlp(i0n 
4.814 99 

Tc Lenplh Srope Velocity Capacity Desuiption 
Imin) (feel) (WR) (WsecI ( d s )  
10.1 90 0.05oO 0.1 S M  Flw. 

Grass: Dense n= 0.240 P2- 2.60' 

Grass: Oense n= 0.240 F7= 2.60' 

Grass: Denre n= 0.240 P P  2.60- 

Unpaved Kv= 16.1 fps 

BdW-0.W 0=3.6g Z= 4.0 6 6.0 'r n= 0.070 

5.5 60 0.1wo 0.2 Shed Flow. 

9.3 150 0.1700 0.3 Sheel Flow. 

0.4 175 0.1700 6.6 Shallow Concentretad F lw .  

2.7 360 0.0050 2.2 150.56 TnpWeeiRedChamelfla. 

28.0 835 Tolal 

Subcatchment F: vegetated final cowr 
. . .  Hydrograph PIo l  

lPRyml 
. . . . . . . .  . . . . . .  

. . . . . . . . . . .  

subcstchmenl FFR vegstated U r d  cover 

d( = 47.49daQ 1L2ohrs. Vo*me= 4.890aI 

OR by SCS TR-20 fndud. WSCS. lime Span- 0.00-24.00 hrs. dlo 0.05 hra 
0 II 2- ruMa=13.w 

h ( k )  CN fkhc4km 

Tc Lagm sbpe v w  cepacpy Dasulpllm, 
*I (lear) lrnl Iufhac) (a91 
10.1 Bo 0.MQo a 1  BhoaFkr. 

4.0 50 0 . 1 m  02 --. 
0.8 (Bo 0.1700 0.3 Sheel Flor. 

0.3 n0 0.1700 6.6 Bk.uaConurrtrsWF)ow. 

OD I2 0.oSw 4.5 shplkr cmm(rs(cd F h ,  

2 7  487 O.Oo50 2.9 392.08 TnpNcslR.aChamdFbw. 

V.7 898 T W  

4.670 99 

Olas:Dane n-0.240 P2=2.60' 

Grau:Oense 1 ~ 0 . 2 4 0  P2-2W 

Orass: h r s  n= 0.240 P2= 2.60- 

upaved KIP 16.1 fps 

PWMI K V = ~ . ~ ~ P S  

Ba.W=O.LV Lk5.4V 2- 6.0 6 3.0 7 m= 0.070 

Wb&&mmt FFR vegetated R d  cover 

2oooYE-1 l y p e  N 26hr RalnfaR=13.00' 
Page I 2  

M h C . A D 8  6.00 Yn 000929 0 ls.9e2001 A w e d  Yiimrmpaa S n i m  1 z t m  
Prepad by GeoSynlec CmsuUants 

Subcatchment G vegetated fmal cover 

RunoH = 49.93dae IZtOhrs. VoRune= 5.28481 

10.1 90 0.0500 0.1 shod Flour. 

5.5 60 0.1ooo 0.2 shad flow. 

9.3 150 0.1700 0.3 shad flow. 

GILISS: Oense n= 0.240 p2= 2.60' 

Grass: Oense n= 0.240 P2= 2W 

Grass: Dense n= 0.240 p2.2.W 

Unpaved Kv= 16.1 fps 

BoLWs0.00' D=3.W L= 3.0 6 6.0 7 n= 0.070 

0.4 175 0.1700 6.6 Shsllar Cmccntrs(ed flw, 

2 7  370 O.Oo50 2.3 153.25 T ~ ~ & C b m i F l w .  

28.0 845 Total 

Subcatchment 0: vegetated final cover 
Hlbogrrph Plo( 

- , .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  :..,. .. . . .  . .  1 
. . . . . . . . . . . . . . . . . . . .  

. . . . . . . .  

................. . . . . . . . . .  
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jroCADB6.00 dn ooo929 0 1986-M(Il App(led M-wter Sylltms 1 u 1 m  

Subcatchment JR (mw node) 

mfl = 27.75cts@ 12.14bs. V m =  2.567aI 

nofl by SCS TR-20 m e w .  UH=SCS. lime Span= 0.00-24.00 nn. a= 0.05 hra .- '12- ReinfaU=13.w- 

Lfc  Length Slope Vebciiy Cap- Llesc~Wlh 
rnh) (lee0 (fun1 (wsecl (clal 

9.2 80 0.om 0.1 Shea now. 

2.5 22 0.1Mx) 0.1 sheel now. 

10.0 165 0.1700 0.3 Shoe1 F b w .  

Grass: Dew n= 0.240 P2= 2.60- 

Bars: Dense n= 0.240 PZ= 2.80' 

Grass: Dense n= 0.240 P2= 2.60' 

Unpaved Kv= 16.1 Ips 

Paved Kv= 20.3 IPS 

0.4 145 0.1700 6.6 Shallow Concenlroted Flow, 

0.0 12 0.0500 4.5 . Shallow CmcenlntedFlow. 

22.1 424 Total 

Subcatchment J k  (new node) 
HydrwraphPIoI 

. . . . . . . . . .  . . . . . . . . . . . . . . . .  

Subcatchment I.: runon east d OSDF 

df = 14.28cbe 12.31 bs. Vohne= 1.653al 

10n by SCS m-20 memod. Uti5SCS. Tim Span= 0.00-24.00 bs, a= 0.05 m 
D II 24hr Ralnta!J=13.00' 

\rea(acl CN Wi 
1.779 8B 

le Length Skqe Vdoci(y Capacav Doscrip(iM 

14.9 300 0.0250 0.1 Sheet now. 

0.9 140 0.0250 2.5 W t o w  Cmcentrmted Flow. 

0.9 170 0.0375 3.1 shenow catcmtratrd Flow. 

0.5 90 0.0105 3.0 148.58 TrPpNoalRecI UlennOlFlow. 

17.2 700 Totd 

ninl (feel] (MI) (Wsec) (ch) 

Orers: b e  n= 0.240 P2= 2.60- 

lhDared Kv= 16 . l fp  

Unpaved Kv= 16.1 fps 

Bol.W=O.o(y 0 3 . 3 2  Z= 6.0 h 3 0 7  n= 0.070 

Subcatchment L: runon east of OSDF 
Hydropraph Plol 

ZOOOYE-1 Tvpe 11 24hr Rainfa//=j3.&?' 
Prepared by GeoSynIec Consutlants Page 18 
n v d r w  6.00 sln OW929 0 19UL2Ml W t e d  MUoQmWe, SVrlSmS 1 Z l M W 4  

Subcatchment K runon east of OSDF 

R w f f  = 14.65~1s @ 12.63 his. Vobns- 2.425al 

RWR by s a  T R - ~  method. UHGCS. n m  Span= 0.W-24.00 hrs. dt= 0.05 hn 
Type It 24hf Ra!4alC~3.00' 

Area(acl CN Descliiln, 
2.623 86 

Tc Length Sbpe Velocily Capacity Desuiption 
(mini (ieu (tun) (tusa~i (CIS\ 
sB.0 MO 0.0070 0.1 sheet Flow. 

Grass: Dense n= 0.240 Pz= 2.60- 

Unpaved Kv= 16.1 fps 

Bot.Wd.00' 0.2.86 2s 6.0 6 4.07 n=0.070 

2.1 290 O . O m 0  2.3 Shallow Concentrned Flow. 

2.3 250 0.0045 1.8 72.93 TrapryedRedChawl F f m .  

62.4 840 Total 

Subcatchment K: runon east of OSDF 
H,wogrwn PM 

n 

2OOOYE-1 
Prepared by GeoSynIec Conwdlanls page 20 
bdroCASJ@6.0 $hlO00929 O(985mOl ADPliedMkmmmm4wSvslcmr 1- 

Subcatchment M: runon east of OSDF 

Rwm~fl = 41.83ctaQ 12.59hIws. Volume= 6.693af 

Rlmotl by SCS TR-20 msmod. UH=SCS. Tme Span= 0.00.24.00 Ius. &= 0.05 hr8 
Tyw It 24.b RaWaU=13.W 

Area(ac) CN Deoulption 
7.234 66 

Tc 1 W h  Slope VnbcUy Cepajty Fm 
50.3 300 0.0l00 0.1 Shwl Flow. 
Lrnln) Ileec) (rn) ~nfaecl (ClSl 

Grass: Oenso n= 0.240 P2= 2.60- 

Unpaved Kv~18.1tp.s 

Unpaved KV= 16.1 fps 

Bol.W=O.W Dr0.W .?= 4.06 3.07 n= 0.070 

3.1 350 0.0139 1.0 Shallow Conunhted Fkw, 

1.4 180 0.0167 2.1 Shellow Concentrated Flow. 

4.7 360 0.0125 1.3 3.00 TropNdReclChannet Flar. 

59.5 1.190 Total 

Subcatchment M: runon east dOSDF 
WJrowwh P t d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  '... . . . . . . .  



I O M - 1  Type /I 24hr Rainla//=13.M)' 

mCADQ6.00 &om929 O191)6XalbpdiedMiCIaapvtnSWemr l2110/2004 
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Reach 2: run& channel 

Wa-: Inlet elevation nol apecirml 

M = 104.36cfs@ 12.23 his. Volume= 11.538al 
pow = 102.73cIs@ 12.32ho. V m e =  ll.513al. AttewZ*h. Lag.5.4min 

ih Depth= 2.94' 

V r 6 . S  deep channel. n= 0.070 Lenglh. 385.0 Slopas 0.0084 7 
3 S l o p  2-rab.m- 6.0 5.0 7 

I* al bank luu= 880.57 c h  

Reach 2: runoff channel 
Hydmgrwh Plol 

A 

I 

I 

. . . . . . . . . .  

. . . . . . . . . .  

0 I I 3 4 5 8 7 I D IO (1 I2 13 I4 I5 16 I 7  IO 19 20 ?I 17 ?S ?4 

. Tvps /I  244r Rainfal/=13.W' 
RW 27 

pwu)(Deoo e i ~ z o o  I A m k d  M i a a a m u t a  SWms 

Reach 3 R  (new node) 

mi: NOI DWCW (Oumoulhnw) 

w = lBo.OBcls@ 12.58hrs. Volunea 28.844al 
'b* = 180.08 cfs Q 12.58 Ius. Volume= 28844 af. Anew OX. Lag= 0.0 ndn 

tinq by Slnr-lnd~lrahi mew. lima Span- 0.00-24.00 ho. dl= 0.05 tu6 

Reach SR: (maw node) 

. . . . . . . . . . . .  "*"l"g!?. P'"... ....... - ................. - 1  . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2000YE-1 Type /I 24-hrRainfd/=I3.0' 
Prepared by GeoSyntec Consdlants Page 26 
HyhoCADs36.00 tlnooO923 0 198&2M)l A W i f d  M b m l e r  Synems t v i o m 4  

Reach 3: runoff channel 

1651 Wamrq: lnl8l e lebal i i  not S P e C i k d  

InRow = 155.41 CIS@ 12.30hn. VORmem 19.00981 
OutRow = 153.39ch@ 12.37 hm. Vdums. 18.973af. Allen= 1%. Le9=4.6mln 

R a n !  by Sla-IndtTrans rnelhod. Time Span= 0.00-24.W Ms. dt= 0.05 hf 
Max. Velocily 2.7 Ips. Mn. Travel Time- 2.5 m h  
Avg. Vekcity = 1.1 Ips. Avg. Tiavd T h e =  5.0min 

P a  Depth= 3.58' 
Capacily el bank fuR= 681.67 ds 
0.00' x 6.26' deep channel. n= 0.070 Lenglho 405.U Slope= 0.0075 7 
Side Slope 2-values 3.0 6.0 'I 

Reach 3: runoff channel 
Hydrograph PI01 

.. s..... . _ L  . . . . . . . . . . .  

2OOOYE-1 Type I/ 24-hr Rainfstk 13.00' 
Page 28 

WdmCAW6.00 shC100929 O l g ( 1 6 - ? m l ~ o d M i i a ~ n ~ S ~ $ l e m a  r u l w ~  
Reach 4 runoff channel 

Prepared b y  GeoSynlec Consultank 

1651 W m  hlel e l e v a l i  nul s w i l l e d  

lnllov = 208 .2Zc~@ 12.34hn. Volume= 25.911 el 
OlllAar = 203.76ds@ 12.42hrs. Volume= 25.859af. A m = 1 % .  Lwp4.9mln 

Rou(lng by Slor.lnd*Tfans me(h0d. T h e  Span- 0.00-24.00 Ius. dl- 0.05 hrs 
Mar. V e m  2.4 fps. Min. Travel Tima= 2.7 min 
Avg. VelaciN = 1.0 fps, Avg. Travel Tlms= 6.3 min 

PeahDepOrr4.1Z 

0.W r 8.16 deepeharnel. n=0.070 Lenglh- 395.0 Sbpe=O.O0507 
Slda Slope Z-value= 4.0 8.O'r 

CapaCBy al bank M= 590.36 CIS 

Reach 4: runoff channel 

. - . .  - 
. .  . . . . . . .  

MydmgraphPbl 
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2oooYE-I Type I! 26hr Rainbf1=73.00' 
PBge 33 Pwared  by GeoSyntec Consultants 

12/10/2004 W O C A D @  6.00 sln ooo929 8 1986-2MI hmbd M u a r m p u t a  Svrwmr 

Reach 8: east runon ditch 

1651 Warning: Inlet devalion nol s e d  

InflDw = 41.83ck@ 12.59hrs. Volume- 6.693af 
0- = 4121 ch@ 12.74hm. VdUme. 8.667af. Allen= 1%. bg:8.9min 

by Sla.ind+Tians meUlod, Time Span= O.W.24.W hrs. dl= 0.05 hrs 
iCp 1.3 Ips. Min. Travel Tne= 5.0 mm 4k ity = 0.6 fps. Avg. Travel nmg= 10.9 min 

Peak Depth= 1.01' 
CaPady at bank lull= 768.86 CIS 
0.00' x 3 01' deep chamel. n= 0.070 Le%& 405.U Slope= 0.0100 7 
SMe Slope Z-vahm= 58.0 3.07 

Reach 8. east nmon ditch 

Hydrograph P l a  . 

Reach G east runon ditch 

1651 Warning: Inlet e l w a t i  MI specified 

Outflow = 108.7Bcf~@ 12.68hrs. Vdume= 17.2mel. Anen= 1%. Leg= 8.4rmn 

RouGng by Sta-lnd+Trano method. Time Span= 0.00-2iW hrs. dt= 0.05 hr5 

lnRow = 110.42Ck@ 12.Mhs. Vaknnei 17.353al 

Max. Ve(ocihl= 1.7 Ips. Mi. Travel Time- 4.7 min 
Avo. Velaeily = 0.8 Ips. Avg. Trard rm= 10.2 rrdn 

Peak Deplh= 1.43' 

0.00' x 6.31' deep channel. n- 0.070 Length= 475.r sbpe= o.omo *r 
Side Slope Z.walue= 60.0 3.07 

at m MI= 6.717.07 c(. 

Reach 9 east runon ditch 

Hydrograph PI01 

A 
: . . - .  . . . . . . . . . ,  

. . . . . . . . . . . .  : 9 . . . . . .  ,,e . '  1 . .  i_  

'f, .I " " ' ' ' 

... 
. . . .  

;sd, I I 

A, .I : . .I 

. . . . . . . .  

I*r 1-1 

Type / I  24-hr RainfaP13.00' 
Vase 34 

1 a m  

ZOOOYE-1 
Prepared by GeoSynlec Consullants 
W o C A C Q  6 W 51n 000929 0 1986200t bp&d MUOMIPV~W S v t l m s  

Re& 8R: (new node) 

(6q Warning Intel eievalm no1 spei%ed 

InlbW = 294 24 CfS @ 12.58 hrs. Volume= 45.952 af 
OlnAOw = 292.95 CIS @ 12.62 hrs. Volumes 45.904 af. Anen= 0%. 2.5 mln 

Rwting by Stor.lnd+Trans melhod. Time Span= 0.00=24.W hrs. dh 0.05 hrs 
Max. Ve)ocily= 2 0 fps. Mm Travel T i =  1.5 min 
Avo. V a l a ~  = 1.3 fps. A w  Travel Time= 3 2 rnin 

Peak Lkplh= 5 16' 
capacny ai bank run- 433.14 cis 
0.00' x 5.97 deepchannel. W0.070 Lcngth= 241.0' Sbpe= O.WM 'r 
side sbpe Z - v a b =  6 o 2 o 'r 

Reach BR: (new node) 

HYdIopIWh P b l  
. . . . . . .  

. . . . . . . . .  
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2000YE-1 Tvpe I1 24-hr Rainf~=l3 .#  
Page 36 Prepared by GeoSyntec Consultants 

MdraCAWD8.OO d n  000929 0 198WCmJI Appled MkmcompWn S,slema 121- 

Reach 9R: (new node) 

1651 Warning: Met eleracion MI rpecilkd 

lnlbw 29437rJ5@ 12.62hrs. V d m =  46.932al 
Ovmw = 293.WchB 12.64 hrs. Vofume- 46.mZaI. Anen. 0%. L w y  1.5mln 

Routing by Sla-IndtTfam melhcd. Tlmn Span= 0.00-24.00 )us. dl= 0.05 hn 
Max. VaCaW 2.7 Ips. Mh. TraveJ Time= 0.9 rnin 
Avg. Velaay = 1.2 Ips. Avg. Travel k= 2.0 min 

Peak Depth= 4.6)' 
Capaclly al bank full= 1.284.51 CIS 
3.w x 8.24' deepdanne~. n30.070 Leng(h7 1w.0 sbpe=o.ooso*r 
Side slOpeZ-ve)ue=6.0 3.07 

Reach 9 R  (new node) 

Wydropraph P W  
I 
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WEXGHTED CURVE NUMBER CALCULATIONS 
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-- 5865 
SUBCATCHMENT AREA AND HYDROCAD 'IM INPUT PARNMETERS FOR THE CALCULATION OF 

WEIGHTED CN 
2000 YEAR STORM DESIGN SCENARIOS 3 

M 

N 

0 

Q 

1.23 60% B nmon east of OSDF 69 73 86 
40% C nmon cast of OSDF 19 

11.66 75% B runon east of OSDF 69 12 85 
25% C runon east of OSDF 19 

10.94 65% B numn cas( of OSDF 69 73 86 
35% C m n  east of OSDF 19 

1.52 50% B m n  east of OSDF 69 74  87 
19 

~~ ~ - 50?h C nmOn east of OSDF 

Note (I ) :  The weighted curve number of the final cover syslem is assumed to be 98,m consistent with lhdpDFFinnl Duign Package, pmpated by GeoSynlec Consultants for 
the United Slalcs Department of Engergy, Femald Environmental Management Project. in May 1997. 
Note (2): The Antecedent MoisMc Condition (nl) was calculated using the equation cN(III) = 23CN(n)/ 10 + 0.13CN(U). 

NIA - Not Applicable 

2ooo Year Storm AHachmantXZ 
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ATTACHMENT C-3 

TABULATED CHANNEL ANALYSIS RESULTS 



WE- 

wlla 
S& 

mDS 
2Mo DS 
2033 DS 
zoo0 DS 

2003 OS 
2 0  Ds 
25MDs 
mDs 
mDs 
2000 Ds 
m D S  
2000 OS 
2003 DS 
mDs 

zoo0 m 

SCaiOn 

mapc 

v a  

v a  
v a  

ycc 

Vec 
VOa 

v a  

v a  

va 
VQ 

M 

va 
inpaoidal 
lsSpaoidal 

VeC - 

hfinimmo 

Qunncl 
apca (9 

11.90 
8.29 
6.57 
6.26 
6.14 
5.32 
5.70 

3.10 
5.98 
3.01 
5.97 
6.31 
8.24 
4.76 
4.08 

mnsimdina 

v.1 
0.35% 
0.35% 
0.64% 
0.75% 
O.x).A 
0.50% 
0.50% 
1.294 
0.5Ph 
I .m 
0.50% 
Low0 
0.50% 
0.50% 
1 .m 

S&pO' - 

- 

lainin 

hf==8- 
n wimh 

(A) 
0.070 0 
0.070 0 
0.070 0 
0.070 0 
0.070 0 
0.070 0 
0.070 0 
0.070 0 
0.070 0 
0.070 0 

0.070 0 
0.070 0 
0.070 3 
0.070 9 
o.om o 

I_ 

Si&? 
S b p  
MI:I 

6 
6 
6 

6 
6 
6 
6 
4 
6 
58 
6 
60 
6 
6 

5.7 

- 

- 

- 
S i  

S b p  
M2: I 

4 
4 
5 
3 
4 
3 
3 
3 
3 
3 
2 
3 
3 
3 

135 

- 

- 

I 
2 
3 
4 
5 
6 

7R 
a 
8R 
9 

9R 
I 1  

9R+IR 
IOAR 
3R 

35.01 1.68 3.43 104.72 
38.35 1.69 3.43 156.18 
36.89 1.94 3.99 205.62 
44.40 2.13 4.35 235.89 

4.71 261.31 43.54 2.29 
44.65 2.35 4.83 279.45 
16.03 1.06 2.20 41.83 
45.58 2.40 4.93 295.15 

1.45 109.94 88.70 0.72 
43.01 5.17 195.40 2.49 

106.76 1.69 170.84 0.84 
46.08 2.42 4.66 303.46 
46.72 4.08 300.37 2.39 
53.21 1.32 2.23 180.21 

0.87 
0.90 

0.80 
4.62 
3.58 
0.68 
1.85 

I 




